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• are presented. The study consists of a parametric study of the heat fluxes on a satel-

lite in the vicinity of the planet Venus and Mars, plus the development of a generalized

computer program for computing the heat fluxes upon an orbiting satellite.

The parametric study shows the effect of altitude, orbit-solar incidence angle, orbit

position surface orientation, surface dimensions, and surface radiation properties on

the solar, albedo, and planetary heat fluxes incident on, and absorbed by, two satellite

radiator surface configurations in the vicinity of Venus and Mars. The following quant-

ities are computed for each of 20,538 combinations of the parameters (.10,269 for each

planet): the direct incident and total absorbed solar, albedo, and planetary heat fluxes

on each satellite Surface; the geometric view factors, radiation constants for visible

radiation (solar and albedo flux), and radiation constants for infrared radiation (plane-

tary flux).

The generalized heat flux program has the capability of computing the solar, albedo,

and planetary fluxes incident on and absorbed by up to twenty surfaces of a sun-oriented

or planet-oriented satellite in circular or elliptical orbit about any planet. The sur-

faces may consist of rectangles, trapezoids, and/or disks in any combination or ori-

entation. Output from the program is heat flux vs. time on printed tape and punched

cards. The capabilities of the program are considerably greater than required by con-

tractural provision. Suggestions are made for extending the capabil)ty of the generalized
/

computer program. " ,_,_ ,/
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Pa_e 3-3, paragaph 2, line 5z Ch_ge "absorbed by each satellite surface frQne.e"
to "absorbed by each satellite surface including.. ,

Page 3-4, line l, Chmge "...360 geocentric degrees. The" to "...360 geocen-

tric degrees beyced the starting point. The".

Page 4-1, last paragraph, line Is Change "Albedo Flux. The albedo flux accoun-

ted.., w to "Albedo.Flu x. The albedo flux accc_u_ts...".

4. Page 4-1p last paragraph, llne 3:
accottnt8 fOre, ew•

5@

Change "flux is accounted fore .." to "flux

Page 4-5, Figure _-18 The angle between surface 1 end surface 2 labeled "q"
should be labeled •_ ".

6. Pa_e 4-5, legend, Delete "(surface)".

7. Pa_e 5-7_line 7! Change "the FA matrix and the R_ factor, which is _FA..."

to "the -_A matrix and the RADK factor, which is _A...". (Script F's instead

of block F 's. )

@

9.

IO.

II.

Page A-2s Replace page A_2 with the attached page A-2.

Page A-4s Replace page A-4 with the attached page A-4.

Page A-5s Replace page A-5 with the attached page A-5.

Pages A-7 and A-8, paragraph A.I.4, The True Elliptical Orbit Equations¢ Change

the equations for semimaJor axis_ eccentricity, orbit period, eccentric anomaly,

and time from periapsia to read as followss

Selma Jot axis, radlus, A - (aA + e_ +Zao)/2

Eccentricity, E- (RA- RP)/2A

A_R
Eccentric Ancmal_, _ = cos "I _r

Page A-12, Figure A-ICe Change "ILK - +_, DISK = to "IL_ = +_2s DISK".

Page A-17, th_ P(l,J) equatlcns, Change the equations for P(2,2) and P(2,3)
to reads

P(2,2) - cos_ s x cos Is + sin co s x sin _'s x sin Fs

P(2,)) - ,[L. _ • x cos f, +eoe _a xsln _,s xsin _•



-2-

Page A-18, lino ls Ch_ge "ILK - +1 (Disk) w to "ILK ,- +2 (Disk)".

Page A-31, line 1 of NOTEs Change "NO'_. The above Gb_ fluxes are 0n a

per unit bases**." to "NOTE. The above absorbed flu_s are on a per unit area
basiso ..no

16.

17.

Page A-32, In column headed "Code"p add "J" to line reading "DATA(J)...
Surface identification...".

Page A-32s In column headed "Code"_ add "K" to line reading "DATA(K)...
Location of _eter_...".

18. Page A-32s In column headed "_", change "DATA(J)" to rDATA(J,K)".

19. Page A-_2, In column headed WS_ol", delete "DATA(K)".

20. Page A-34, last Lines Change "J md K A 3 x 3 matrix, I- 22" to "J and K
A 3 x 3 matrix, I ,, I to 22".

21. Page A-36, nex_to-last entry in "S_rabol" column: Change "KL_AS(J,K)" to
FLUXS(J, K)".

22. Page B-13, paragraph 2, line ks Change "The PERCENT ERROR indicates the finite
difference..." to "The PER_T ERROR indicates the maximum error in the flnlte
difference...".

23. Page B-I_, last lines Change " _ain " "'" the _ direction" to " _tn " ..-
the +3"dlz_ti6mw.

Page B-_, Card 2s

Page B-_, Card 7S
"N "s",,.

Add "+" in column 52. (DELTA may be + or-.)

Change label of third field (columns 13-15) from "NOm to

26. Page B-l_p lair oards Change ducription of "VA_ABLF_ field frcns

tO1

VARIABLES

VAI_ABIZS

o (NO_UNO)
MAXIMUM

ORBIT ECCENT_ CITI

_IATION CONSTANTS, ¢_i-J Ai

o . (smmao)
!_ soua _x (souz coNST,_rr)
]ORBIT ECCENTRICIT_

11...

L mmIaTIo, mSS_A,ZS,_ _._ A_



27. Page 5-17, Figure B-8, Change " 7" . = to = _ .=." so that _ .4. and

indicate the radi_s vectors and _a,d _aaz--lndlcate the _e8.

28. Pa_e B-18, first line, Change " _ max "-- .the _. direction" to " _ max """
the " dlrectAon".

29• Page 5-20, first paragraph following
=h'_-_-" t_ ..7 _c."" IRIV " "" •

30. Page B-20j first paragraph follow_ng " _ =...", llne 10s
direction m %0 ". •• the =dlrection".

31. Page B-20, 8econd paragraph following " _ -...", line 2t
"N T ..

32. Pa_e B-20, second p_r_h following "_-...*, llne 5,
direct_Lon" to "N _=...the _ direct_Lon".

=_-...", lines 2, 3, 5, md lot change

Ch_ge =.,.tl_ o_

Chmge "N =4 , to

Change "N _ -...the _

33. Page B-20, next.to-last lines Change =... c_direction = ( C*ma x- _ mtn)/NY_ "
to .... r _LrectAon - (_ ,ax" c m_,)/_ T

3_. Pa_e 5-22, f_st lines Change "... _ direction - _/N _ " to "... r directi_ -

paragraph 2_ NV_ .. N _ = 6.. . to3_;• Page 5-22j_ line 1, Change "..., = 3, ., •
".-., _ = 3,..., N = 6...".

36.

37.

38.

Page B-22, paragraph 2, lane 2= Change ".1|_ (_ I ]._" to ||.|1_ _ I 12"•

Page 5-22_ paragraph 2_ Line 3: Change "...N _ - 30" to =...N _ - 30".

Page ]3-22, paragraph 2, Line 4, "...(N_ times N "_ )(NV_ times NV _ )" to

Page B-25t Replace page B-25 with the attached page B-25.

PaEe 0-4, paragraph "d.", Insert paragraph heading "e. Delta Angle" between
lines 2 and 3.

Page C-?, last Line of "Block M", Change "963" to "324".

Page C-8_ paragraph 4) llne 2t Chsnge"...ecliptic_ the -X" to "...eclip_ic_
the --Y"•

Pa_e C-12t Repla_ page 0_12 with the attached page G-12.

PaEo D-5, Figure D-4: Replaoe page D-_ with the attached page D-_.

Page D..7, Fie,'_re D-_: Replaoe page I)-7 _ith the attached page D-.7.

Page D-9_ Figure X)_= Replace page D-9 with the attached page D-9.

_o

b5.

h6.
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Pa_ E-3, Delete e_, 083 thr_ 090, and _,,zt _ _n83 thr_ _Y)O

__(Z3Z_A) R083
B_{B-SihT (DELTA) KO 83A

c_.,c_(c) Ro55B
D_-u'_SI_'(C) Ro830
_mn_,,._'rm_tn_ RD83D

_113MB-AC_SF(_N_F_K_{B_BNI_NIB4B) RO83E

BETA,.90.._._NIIMB RO83F

IF(m,,mm)_,33,_ _8_
33 _ALP_ R0831

THE-AC_L_F((_EI_'MB) ]HIfOHB) Ro8h
KNUMB- (ANUMB.CNUMB*FNUMB+BNIR'IB*DNIIMB )/_ RD85

IF(Emmm)36,37,37 RO86

37 THE-THE+ALPHA BO88

IF(THF_360,)I_,38, 38 R089

38 T_-T_0360. eOgO

48. Pa_e E-ge Delet,e the DIMENSION a_xlC_4M_ state_ents_

_Q

1
DIMENSI_ DATA (22eI6),LDATA (22_,16),DMI (94Og),P(22,3,3),R(3_

DM2(2),A(3),N_[(57) _ _ _ - PI DGR RPLAN
C_M_N DATA, DMI_P,R, NS,IPL_IZ,IK,A_ _ _KAD, _

and insert _ DmF_ _d C,I_ ,_n_,,

DIM_NBI_I DATA (I_2_,I6),LDATA!22,16)P_S(IOOO_3)_,ARA(IO00,3),

1 EMI(3hOY),P(22,3, 3),R(3),D_2(2),A(3),NTN(_7)

C_,_N DATA, _pAEA, IRI_PpR, NS,DM2,IZ_IK_A_N_ETN_RAD,PI,DCR'
I RP_,"

R

R

R

R

Page E-lOs Delete card 029_

II LDATA(2p 2)-I 029

and Inser_ cards R02_ _ugh _02_=

11 _F(TZ)12,12,19
12 IF (I=LDATA(2, 2))13, 20,15

13 N_ 36_I=LDATA(2,2))
NP1 If_(37)+1
mm-N"_(_)

JI=J+NPN

D_!_K-I,3

ARAC_,z)-ARA(O,_)

I_ ITPI_-_(I-LDJ_A(2,2))

RO29

RO29A

RO29B

R029C
RO29D

Roegz
RO29F

RO29G

RO29H

RO291
RO29J



_-_N(37)÷x

II-t_Y2÷3.._
J2,,J!+_._N

_(_,z):Pm(n,i;
ag.(.az_).'!a*Cn,')

x8 _rmCJ).wr_CJ)*mm
_9 m_A(2,2)-X

RO29L

RO29M

RO29N

_29P
P_ZgQ

RO29R

_)29S

I_029T

RO29U
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50. Page E-7g Delete cards 267 through 281, md inser_ cards R267 through
R275 as follows,

230

236

2_

SB=ANGL_+AIoPHA

(ss_3_e. )23s,236,236
S_SB_3_O.

mm_.sIm_CsB)
SS-DNUMB*HNUMB

DIN @,,GNUMB*FNUMB+HNUMB*E_JMB*CNUMB

B_ GNUMB*ENUMB_HNO_B*FNUMB*CNUMB

R267
R268

R269

R270

R27!

R272

R273
nT4
_75

Generalized Heat Flux Study Source Program Deck_ Remove the MAIN PROGRAM

and SUHROUTINE VIEW, and replace with the accompanying modified versions
of the MAIN PROGRAM and SUBROUTINE VIEW. The.modified versions incorporate

the changes listed above in items 47-50.
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• "o" : _, -

.' . ,. , .

Then

R(3.2) - sinw Icos_I

R(S,S) - cos_icos_I

ix,,1Ii]Y"I = [R]
Z"J

However 0 it is first necessary to define the ÷Z axis of the sun and the planet in terms

of the X t' , Y" , Z" axis depending on the orientation of the satellite.

Planet-oriented satellite. The , Z axis is defined as follows:

Z
s

Z
P

- +Z axis of the sun for the ith satellite position

= +Z axis of the planet for the i th satellite position

- + 0i (see Fig. A-2)OT _s

Z
s

rX, ,]

[-sin #T cos/_ sin/_ cos OT cos/_]|Y"|
LZ"J

Or, in terms of the

Zp = Z"

X, Y, Z coordinate system,

_(2,_.) R(2,2) R(2,3)
RC3,2) R(3,3)

Also,

A-4
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+ .

Space-oriente d sa_lllte. The +Z axis is defined as follows:

kZ"J

"

z, - t-sin ,_o¢o,'_]|'+"I
I,.Z"..I

=

Or, in terms of the X , Y , Z coordinate system ;

Zp =i

i i -t [R(l,l)re(t,2)_(1,3)

[E_o'1(-+_T+os=-)(cos_+o,_JIR(2,t)R(2,2;
R(3,2)a(L93

!I _R(3,1) R(2,3)

%--'--

F,R(_._ i)R(_._ 2)R(_._ 3 ) °_ • irx_

zs = I-sin; o oo.5.7 |e(2.z) R(2,2) e(2,3) J[:JLR(3,_)RO,2) RO,3)

A. I. 3 Geocentric Angles of Shadow Points

As shown in Fig. A-6, a shadow point occurs when cos ¢_1 + cos Z 1 = 0 .

unknown angles are found by an iterative process in'the SHADOW subroutine.

These two

From spherical trigonometry and identities, the following equation is developed and

solved to determine the shadow points:

$Z = cos(Z) - cos_cos 0

+°

90" < Z 1 < 270 °

A-5
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Section 1

I NTROD UC TION

This report was prepared by Lockheed Missiles & Space Company for California

Institute of Technology, Jet Propulsion Laboratory.

Its purpose is to report the technical accomplishment of the Heat Flux Study, performed

under contract number 950674, a subcontract under NASA Contract NAS 7-100.

The Heat Flux Study consists of two principal parts:

1. A parametric study to determine the heat flux incident on and absorbed by

satellite radiator surfaces in the vicinity of Venus and Mars. This part in-

cludes the development of a computer program for calculation of the required

data, and the performance of a number of hand calculations to provide a check

on the computer program and to provide preliminary parametric information.

2. Modification of the computer program to produce a generalized heat flux com-

puter program.

An indication of the need for this study may be obtained by considering the time that
!

would have been required to perform the parametric study by hand calculation. The

parametric study consisted of 20,538 points. The twenty-two hand calculated points

performed as a check on the parametric study required an average of about one man-

day per point to compute. Thus, it would have taken in the order of 80 man-years to

perform the parametric study by hand. The generalized heat flux computer program

will accomplish savings in time and effort of the same magnitude, permitting analyses

that could not even have been attempted before.

The report is divided into .six sections:

1. Introduction

2. Objectives and Scope, a brief discussion ofthe area covered by the study

L
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3. Generalized Heat Flux Program

4. Parametric Study /

5. Related LMSC Experience and Recommendations for Future Study

6. References

In addition to this main body of the report, there are eight technical appendixes, con-

sisting of more detailed discussions of the major aspects of the Generalized Heat Flux

Program, a description of the hand calculation techniques and results, and presentation

of the Parametric Study results•

1-2
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Section 2

OBJECTIVES AND SCOPE

2.1 GENERAL STATEMENT OF OBJECTIVES

The Heat Flux Study was intended to accomplish two tasks: •

1. Perform a parametric study on theheat fluxes incident on, and absorbed by,

satellite radiator surfaces in the vicinity of Venus and Mars

2. Develop a generalized computer program for obtaining the heat fluxes incident

on, and absorbed by, a satellite of complex geometry in orbit about •Venus or

Mars.

2.2 PARAMETRIC STUDY

The objective of the parametric study was tc-show the effect of orbit altitude, orbit-

solar incidence angle, orbit position, satellite orientation, satellite surface geometry_

and satellite surface properties on the solar, albedo, and planetary heat fluxes on simple

two-surface and three-surface satellite geometries in the vicinity .of the two planets. In

accomplishing this part of the study, fluxes were computed for 20,538 combinations of

the above parameters, 10,269 for each planet. At each of these study points, the direct

incidentand total absorbed solar, albedo, and planetary fluxes were obtained for each

satellite surface. In addition to the fluxes, the geometric View factors and radiation

constants for visible radiation (solar and albedo) and infrared radiation (planetary) be-

tween the satellite surfaces and between the surface and the planet and the sun were also

obtained. The results of the parametric study are presented in Appendixes G and H,

Volumes 2 and 3 of this report. A discussion of the points calculated and the analytical

techniques used is included in Section 4.

2-1
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As a check on the parametric study results and to provide early parametric information,

a number of points were calculated by hand. The results of these hand calculations, and

the methods used, are presented in Appendix F.

2.3 GENERALIZED HEAT FLUX PROGRAM

The objective in writing the Generalized Heat Flux Program was to develop a computer

program for use on the IBM 7094 capable of computing the solar, albedo, and planetary

fluxes incident on, and absorbed by, a satellite in orbit about Venus or Mars. In accom-

plishing this part of the study, a computer program was written with the following cap-

abilities:

1. Any set of planetary and solar Characteristics may be used. Thus, the pro-

gram is capable of computing the fluxes near Venus and Mars, but is not re-

stricted to those two planets. As better information on the planetary char-

acteristicsis obtained,the program user can very easily incorporat_ the new

information without modif_,ingthe program.

2. Any values of the orbitalparame,crs may be used. There are no restrictions

on the orbit radius, eccentriciD', or orientation.

3. The satellitemay be either space oriented or planet oriented.

4. The satellitemay contain up to twenty surfaces consisting of rectangles,

trapezoids (includingtriangles), and circular disks. These surfaces may be

oriented in any arbitrary manner. The fluxes are computed for all of the

surfaces. The increase in the number of surfaces from ten to twenty, and

the addition of the disk surface configuration, represents an increase in cap-

abilityover and above the proposal upon which the contract was based.

5. Shielding by the other satellitesurfaces is accounted for in computing the

direct incident fluxesto each surface. Shielding by and reflection from

the other surfaces is accounted for in computing the totalabsorbed fluxes

to each surface.

6. The program has the output capability of presenting all of the computed fluxes

vs. time on printed tape and on punched cards. One type of output format is

provided for; other formats can be added by minor program changes.

2-2
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The main body of the program was written in the FORTRAN II, Version 3, language.

Four subprograms, which replace certain library routines, were incorporated from

previously written programs. These four subprograms were written in the FAP lang-

uage. The program was designed to be run on the IBM 7090/7094 Computer Complex.

1 • D
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Section 3

GENERALIZED HEAT FLUX PROGRAM

3.1 GENERAL

This computer program was written to compute heat fluxes from the sun (solar), the

planet's reflection of sunlight (albedo), and the long wavelength radiation fromthe

planet (planetshine) for satellites in orbit about the planets of our solar system. This

generalized heat flux program written in FORTRAN language for the IBM 7090/7094

Computer, has the following capabilities.

3.2 CAPABILITIES OF COMPUTER PROGRAM

1. Heat fluxes for up to twenty different satellite surfaces in any arbitrary

relation to each other.

2. Obstructed views between satellitd surfaces and the sun or planet because

of intervening surfaces are accounted for.

3. The program user can omit, at his option, the subroutine that determines if

there is an intervening surface or surface shading. The nonshading satellite

surface configuration requires less computer run time.

4. Rectangles, disks, and triangles or any part of these geometric configurations

can be handled by the program.

5. The satellite may be either space oriented or planet oriented.

6. Heat fluxes may be obtained for the entire orbit or a partial orbit starting

at any initial time.

7. Up to thirty-six heat flux points may be caluclated. In addition,'special

heat flux calculations are made as the satellite enters and leaves the planet

shadow.

3-1

LOCKHEED MISSILES & SPACE COMPANY
/¢



M-16-64-I

8. The calculated heat fluxes are listed on tape as a function of satellite orbit

time and n_ay also be punched on IBM Card.

9. The program user is allowed to determine the set of units to be used. The

program is not restricted to one basic set of units to be used in calculating

the heat fluxes.

10. Any planet in our solar system may be used, as well as any planet size and

surface condition.

11. Any orbit altitude and degree of eccentricity can be handled.

12. The following variables are also calculated to aid the program user in the

thermal analysis of the satellite:

a. The solar constant at the planetTs distance from the sun.

b. The percent orbit time that the satellite is exposed to direct sunlight.

c. The orbit period and orbit eccentricity.

d. The Beta and Alpha (S) angles which describe the orbit plane's relation

to the sun.

e. The radiation constants between the satellite surfaces and space which are

used in the calculation of the radiation heat balance on the entire satellite.

These are independent of satellite surface temperature and only depend

upon satellite surface area, view factors, and optical surface conditions.

13. Built-in routines minimize computer run time for certain orbits as well as

for certain altitudes. See Appendix A for a more detailed discussion on the

operation of these routines.

The Generalized Heat Flux Program Capabilities, as listed above, ar_ discussed in

greater detail in the Appendixes of this report.

The heat fluxes which are calculated are the radiant energies received from the sun,

the planet, and the planet's reflection. The associated geometric view factor, FI_ 2

(defined in the calculation of radiant heat transfer between bodies}, is calculated between

each exterior satellite surface and its surroundings. This view factor, or line-of-sight

exposure, may be to the sun, the planet, to other satellite surfaces, or to space. For

3-2
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the more complex satellite surface configurations, this line-of-sight from the satellite

surface to the sun or the planet may be partially or totally obstructed by an intervening

satellite surface. The generalized computer program accounts for this obstructed view

factor which reduces the heat fluxes from the sun and/or the planet to the obstructed

surface.

The generalized program computes and prints out the direct incident radiation fluxes

(solar, albedo, and planetshine) for each satellite surface. The computer also calcu-
l

lates and prints out, for each satellite surface, the total absorbed radiation heat flux

from the three heat sources. The total absorbed heat flux is the amount of energy

absorbed by each satellite surface from the reflected radiation of other satellite sur-

faces. The surface optical characteristics for solar, albedo, and planetshine radia-

tion are input by the program user along _'ith the surface location, size, and shape.

The heat flux tables, for both direct incident and total absorbed, are shown in the

sample problem (Appendix C.2). These solar, albedo, and planetshine fluxes for each

surface are shown as a function of the satellite orbit time. As a satellite moves around

a planet, its surfaces are exposed to constantly changing heat fluxes. However, over a

reasonably small portion of this orbit, the heat fluxes do not change appreciably so the

fluxes are calculated every A0 geocentric degrees. The present form of the computer

program has the capability of making A0 _ 10 degrees for a 360-geocentric-degree

orbit. As the satellite enters or leaves the planet shadow, the solar heat flux changes

rapidly so the program determines the exact geometric angle at which these points occur,

and computes two corresponding heat fluxes at each point. The limiting number of heat

flux points input by the programmer is 36, which does not include the four heat fluxes

calculated at the planet shadow points.

The satellite orbit about the planet is described in terms of angles measured from the

Earth's ecliptic and the periapsis, and the altitudes of periapsis and apoapsis. Figure

B-2 in Appendix B. 1 showg a typical orbit and the associated angles requii_ed for input-

ting the program. The.__at flux tables can be started at any point in the orbit and
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stopped at any following point which may or may not be 360 geocentric degrees. The

satellite orbit may be circular or elliptical with the focus of the ellipse assumed to be

at the planet center. The satellite may be oriented such that one satellite axis is

directed toward the center of the planet at all times (planet oriented) or oriented such

that one satellite axis is directed toward a point on infinite distance from the satellite

(space oriented). The variable modes of satellite motion with respect to the planet

are input by the program user.

VFhe system of units used by the computer program is selected by the program user.

This freedom allows the computer user to work in the system of units with which he is

most familiar and also in the system of units required by the Thermal Analyzer Pro-

gram* at his disposal. The units of heat, length, time, and temperature are selected

by inputting the Stephan-Boltzmann Constant in the correct desired units. There are

length conversion factors which are input to the program to change large length units

into more usable ones found in the Stephan-Boltzmarm Constant; such as miles to feet.

There must, however, be some consistency in the system of units selected as explained

in Appendixes B and C. This computer program does all length calculations in the

Stephan-Boltzmann Constant length units.

All the physical constants such as the planet's radius, r ercent albedo, effective planet

surface temperatures, the effective sun radius, and temperatures are treated as input

by the program so that more accurate values of these constants can readily be input by

the program user as they become available. The planet distance to the sun and the

angle the sun vector makes with the Earth's ecliptic plane are tabulated as heliocentric

coordinates in ephemeris reference books for each day of the year for many years in

the future. The inputting of all physical constants by the program user not only lets

the program user select the system of units but also the solar system and aplanet in

the solar system provided the constants for another star and its planet are known.

Physical constants which are calculated by the program are written out in addition to

the heat flux tables. These are:

*The Thermal Analyzer solves transient and steady-state heat transfer problems using

the IBM 7094 digital computer to obtain a finite difference solution for the analogous
A-C electrical network.
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1. The solar constant at the planet distance from the sun. This will provide a

valuable Check on the input variables and their system of units.

2. The orbit period and eccentricity. This will check the consistency of the

input data.

3. The percent time that the satellite is exposed to direct sunlight. This has

been found to be a controlling factor in the mean satellite temperature level.

4. The radiation constant, C, used in radiation heat transfer, is also calculated

and printed out for all satellite surfaces, where C is used in the equation

ql-2 = C (T14 - T24).

3.3 LIMITATIONS OF COMPUTER PROGRAM

The generalized Heat Flux Computer Program, while being extremely versatile, does

have _me restrictions on the input variables and on the type of heat fluxes that can be

produced. The following is a summary of these limitations:

1. The length unit in which the computer operates causes a limitation on the

distance between the planet and the sun before computer "overflow,

(numbers > 1038) occurs. The present form of the program is such that it

•Will be able to calculate heat fluxes at the Planet Mars at aphelion with the

centimeter as the smallest unit of length,

For the "outer" five planets in our solar system, the basic unit of length

must not be smaller than the foot. These units of length, input in the Stephan-

Boltzmann Constant, are the units of length output in the direct incident heat

flux tables.

2. All spacecraft surfaces cannot adequately be described by rectangles, disks,

and triangles (or trapezoids).

3.4 APPROACH TO THE CALCULATIONS

The basic approach to calculation of the heat fluxes is best described by the chronolog-

ical programming of the problem that the program user and the computer program will

use.
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The position and distance of the sun relative to the planet is obtained from planet

ephemeris data for the approximate date that the heat flux oa the satellite is desired.

The planet radius, albedo, and temperatures (dark side and subsolar) are obtained

and input in the proper corresponding system of units. The satellite orbit parameters

and the satellite orientation in this orbit are specified by the program user, i.e., is

it planet oriented or space oriented. Now the satellite surfaces must be built on the

Surface Coordinate System (X' , Y' , Z') relative to the Central Coordinate System

(X , Y , Z), as shown in Appendix B. The initial satellite orientation and other com-

puter program flags are also input by the program user.

The computer takes the above input information, written out on IBM cards, and pro-

ceeds to calculate the heat fluxes by completing the following steps:

1. Determine the position of the planet and the sun relative to the Central

Coordinate System for each point in the orbit as the satellite moves around

the planet. •

2. At each of these points in orbit, the geometric view factors between each

surface, the planet, the sun, and other surfaces are calculated. The finite

difference method of calculating view factors is used. Incorporated in this

finite difference approach is a routine that checks for an intervening satellite

surface. These methods are outlined in more detail in Appendix A.

3. The radiation interchange factor, K, is calculated from the matrix form of

the radiant interchange equations between each pair of surfaces. These

equations use the surface areas, absorptivities, and the calculated geometric

view factors, and account for the reflected radiation from adjacent satellite

surfaces. The matrix system of equations is solved for each source of radi-

ation; solar, albedo, and planetshine. These equations are shown in detail

in Appendix A. 2.

The K value between the sun and each satellite surface is multiplied by the

Stephan-Boltzmann Constant and the sun temperature to the fourth power to
.th

become the total absorbed solar heat flux. The K value between the 1

planet node and each satellite surface is multiplied by the emissive power of

the ith planet node: The products of the 36 planet nodes and their corres-

ponding K values are added to give the total absorbed planet shine h_at flux.
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.

The emissive power of the ith planet node contains the Stephan-Boltzmann

constant and the fourth power of the ith planet node temperature.

The K value for the total .absorbed albedo heat flux contains the geometric

view factors between the sun and the planet nodes as well as between the planet

nodes and the satellite surface. This K value is then multiplied by the

albedo fraction, the fourth power of the sun's temperature, and the Stephan-

Boltzmann Constant.

The direct incident heat fluxes are obtained directly from the geometric

view factor and the emissive power of the radiation source.

All the heat fluxes and their corresponding orbit times are stored, to be

written out when the last point in the orbit is calculated. The percent time that

the satellite is in the sun and the solar constant are also calculated at this time.

The input.data are broken down into five blocks, each of which contains data pertinent to

a specific group of input variables, such as planet data, orbit parameters, satellite

orientation, and satellite surfaces. If additional heat fluxes are desired after the

• initial case is run, a "restart" can be run by inputting only those input blocks that

have been changed.

-r
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Section 4

PARAMETRIC STUDY

A parametric study was performed to determine the incident and absorbed solar flux,

reflected solar flux (referred to here as albedo flux), and planetary flux on a system

of satellite surfaces in the vicinity of Venus and Mars. A total of 20,538 points were

calculated, 10,269 for each planet. The results are presented in two volumes ac-

companying this report.

4.1 SCOPE

4.1.1 General Requirements

°.

The parametric study was performed under certain general conditions.

Planetary Properties.

Planet radius {km)

Planet albedo

Planet sub-solar surface temperature (°K)

Planet dark-side surface temperature (° K)

Planetary propertie_, were as follows:

Venus

6,200

0.73

235

235

Mars

3,335

O. 15

3OO

200

Albedo Flux. The albedo flux accounted for the variation of the intensity of reflected

sunlight over the illuminated part of the planetary surface. The planetary and albedo

flux is accounted for the variation in intensity over the visible portion of the planetary

surface.

4-1
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Values Obtained. The following values were obtained for each point calculated:

• Incident Direct Solar Flux to a'.,1 surfaces. (This will be referred to as

Dh_ct Solar Flux. It is the solar flux directly incident on the surface,

not including reflections from the planet or from other surfaces. }

• Absorbed Direct Solar Flux to all surfaces. (This will be referred to as

Absorbed Solar Flux. It includes reflections from other surfaces but not

from the planet. }

• Incident Reflected Solar Flux to all surfaces. (This will be referred to as

Incident Albedo Flux. It is the solar flux reflected from the planet onto the

surface, not including reflections from other surfaces. )

• Absorbed Reflected Solar Flux to all surfaces. (This will be referred to as

Absorbed Albedo Flux. It is the solar flux reflected from the planet onto the

surface, and includes reflections from other surfaces. }

• Incident Planetary Flux to all surfaces. (This is the flux emitted by the

planet, incident upon the surface. It does not include reflections from

other surfaces. )

• Absorbed Planetary Flux to all surfaces. (This is the flux emitted by the

planet and absorbed by the surface. It includes reflections from other

surfaces. )

• Geometrical Shape Factors. (This includes all shape factors, surface-to-

surface, surface-to-planet, surface-to-sun, and pl_met-to-sun.)

• Radiant Interchange Factors. (This includes all interchange factors, surface-

to-surface, surface-to-planet, and surface-to-sun, for solar flux, albedo

flux, and planetary flux. )

Flux Sources. The three flux sources (solar, albedo, and planetary) were analyzed

separately. That is, a variation in the intensity of any of the three types of flux did

not affect the intensity of the other two.

Temperature and Radiation. The temperature of the satellite surfaces, and the radi-

tion from the surfaces were not considered. The computed fluxes included only the
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fluxes incident upon the surfaces, originating in the sun or planet.

Incident Fluxes. Incident fluxes included the effect of shadowing by other surfaces,

but did not include reflections from other surfaces. Absorbed fluz_es included

shadowing by, and reflections from, other surfaces.

4.1.2 General Assumptions

Certain general assumptions were made.

Planetary and Solar Properties:

Distance to sun (km)

Solar temperature (° K)

Stephan-Boltzman constant, a (Btu/hr-ft2'- ° K)

Solar diameter (kin)

The following properties were assumed:

Venus Mars

108xl06 228x106

5,808 5,808

1.7993xi0 -8 I.7993x10 -8

1.3906x106 1.3906x106

This combination of solar temperature, solar diameter, and a produce a solar con-

stant for earth of 442.9 Btu/hr-ft 2 or 0. 123 Btu/sec-ft 2 at an earth-sun distance of

• 149 x 106kin.

Emission and Reflection. Perfectly diffuse emission and reflection were assumed

for all surfaces, including sun and planets.

° _

i

Temperature. The planet surface temperature on the illuminated side of the planet

was assumed to vary as the cosine of the angle from the planet-sun line. That is,

the temperature of a point on the illuminated surface of the planet is T = T(dar k side)

+ (T(subsolar) - T(dark side)/ x cos },, where }, is the angle between the planet-

sun line and the line joining the planet center and the point on the surface. The tem-

perature on the dark side of the planet was assumed to be uniform.
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Absorptivity. The absorptivity of the satellite surfaces was assumed to be the same

for both solar and albedo flux, and equal to the solar absorptivity (as). . The ab-

sorptivity of the satellite surfaces for planetary flux was assumed to be equal to the

low-temperature emissivity of the surface (e). Both a and E were assumed to be

independent of surface temperature.

Orbit. The satellites were assumed to be in idealized polar orbits. The north and

south poles of the planet were assumed to be located on the terminator, a sharp line

dividing the illuminated and dark sides of the planet.

4.1.3 Calculation Points

The parametric study is in two parts. Part 1, which consists of 9936 points per

planet, is the main body of the study. Part 2, which consists of 333 points per planet,

shows the effect of varying some of the parameters that were held constant in Part 1.

Each point Of the study was determined twice, once for a satellite in the vicinity of

Venus, once for a satellite in the vicinity of Mars.

Part 1

This part of the study was characterized by the following parameters:

• Surface configurations. Two surface configurations were considered.

Configuration la consisted of two surfaces; configuration lb consisted of

three surfaces (see Fig. 4-1).

The following geometric parameters, shown in Fig. 4-1, were held constant through-

out part 1:

= 90°

=_=90 °

e = f = g = h = o.

LOCKHEED
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f

f

b

This is Configuration la. Configuration Ib contains an additionalsurface

(_surface)directly opposite surface 2.

o .

Fig. 4.-1 Surface Orientation
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The geometric parameter a/b was varied over the range a/b = 1/4, 1/2, 1 for

each position, orbit, orbit position, orientation, and altitude specified below. The

geometric parameter c/b was varied over the range c/b = 1/4, 1/2, 1 for each

a/b ratio and for each position, orbit, orbit position, orientation, and altitude

specified below. (On configuration lb, the c/b ratios for surfaces 2 and 3 were varied

together. )

• Surface properties. The radiation properties of the surfaces were as

follows:

Surface 1: a s : 0.25, • =

Surface2: a s = 0.96, • =

Surface3: a s = 0.96, • =

• Orientation, orbit, and position.

0.85

0.90

0.90 (configuration lb only)

The surfaces were sun-oriented and planet-

oriented, in noon polar orbit, 45-deg polar orbit, and twilight polar orbit, and

in three positions relative to the orbit plane, in the combinations shown in

Fig. 4-2.

•• Orbit position. Eight orbit positions were considered for each combination

of orientation, orbit, and position shown in Fig. 4-2, except for configuration

lb (planet-oriented, twilight orbit, positions 1 and 3), for which only one orbit

position was considered. The orbit positions are shown in Fig. 4-3.

• Altitude. Fluxes at each of the foregoing combinations of points and configu-

rations were computed at eight altitudes: 100 km, 300 km, 500 km, 1,000 kin,

3,000 kin, 5,000 km, 10, 000 kin, and 30,000 kin.

• Number of points. For each planet, fluxes were computed for 3 a/b ratios x

3 c/b ratios x 8 altitudes x (8 orbit positions x 17 orbit-orientation-position

combinations + 1 orbit position × 2 orbit-orientation-position combinations)

for a total of 9,936 points per planet.

Part 2

The following additional points were computed at an altitude of 1,000 km, at orbit

position 4 of a noon polar orbit (subsolar point), and with _o = 90 o, e = f = g =

h = o: ""
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(a) Configuration la, sun-oriented

Position 1 Position 2 Position 3

(b) Configuration Ib, sun-oriented

k _

2 2 2

Position 1 Position 2 Position 3

(c) Configuration Ib, planet-oriented

I

NOTE:

LEGEND: -_ Unit normal to surface 1 in plane of paper '
× Unit normal to surface 1 into paper

Q Unit normal to surface 1 out of paper

View is looking down on north pole at planet. Surfaces are shown at orbit
Position 4

Fig. 4-'2 Orientations, Orbits, and Positions
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45D

POLAR

4

NOON
POLAR
ORBIT

SUN -

Fig 4-3 Orbit Positions
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° _

• With c_ and E as defined in Part 1 (surface properties), and with
S

= _ = 90 ° , a/b, c/b (surface 2), and c/b (surface 3) were varied
/

separately over the following ranges, on configuration lb:

a/b = 1/4, 1/2, 1

c/b = 1/4, 1/2, 1 (surface 2)

c/b = 1/4, 1/2, 1 (surface 3)

The total, then, consisted of 3 a/b's × 3 c/b's (surface 2) × 3 c/b's

(surface 3) for 27 points per planet.

• On configurations la and lb, with the combinations of a/b and c/b specified

in Part 1 (surface configurations), and with a = fl = 90 ° , a and E fors

the primary surface (surface 1) were varied over the range as/E = 0.25/

0.85, 0.30/0.30, 0.20/0.04, and 0.96/0.90; and for each of these values

a s and E of the secondary surface(s) (surface 2 or surfaces 2 and 3

together) over the range as/e = 0.25/0.85, 0.30/0.30, 0.20/0.04, and

0.96/0.90. The total consisted of 4 C_s/e (surface 1) × 4 as/e (surfaces

2 and 3) × 3 a/b's × 3 c/b's x 2 configurations, for 288 points per planet.

• On configurations la and lb, with the Combinations of a/b and c/b as specified

in the previous item, and the a s 9rid • values as specified in Part 1 (sur-

face properties), the setting c_ = fl = 120 ° was made. The total consisted

of 3 a/b's × 3 c/b's × 2 configurations, for 18 points per planet.

4.2 METHOD OF CALCULATION

The method of calculation was essentially the same as the method of the Generalized

Heat Flux Program, with certain modifications to take advantage of the restrictions

imposed by the parametric study requirements.

The computer program developed for the parametric study consists of thirteen sub-

programs (subroutines and functions): MAINP, TRANS, VIEW, VECTOR, OMEGA,

SHADE, FLUX, INVERT,,OUTPUT, TAN, ATAN, TRIG, and AFUN. Of these,

INVERT, TAN, ATAN, TRIG, and AFUN are identical to the respective Subprograms
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of the generalized program. VIEW, VECTOR, OMEGA, SHADE, and FLUX are mathe-

matically equivalent to the respective subprograms of the generalized program, al-

though some changes have been made to take advantage of the more restricted require-

ments of the parametric study. MAINP and OUTPUT are changed completely. TRANS

has no direct equivalent in the generalized program, while SHADOW in the generalized

program is not required here.

The succeeding paragraphs describe each of the Parametric Study Program subpro-

grams, and in particular the points of difference between the subprograms of the

Parametric Study Program and those of the Generalized Heat Flux Study Program.

4.2.1 Input

For the purpose of inputting the parameters to the computer, each parameter was

assigned an ID number as follows (see Figs. 4-1, 4-2, 4-3):

Input Internal

ID No. ID No. Symbol

0 _

1 1 h

2 2 fl

3 3

4 4 _p

s s Cp
6 6 Wp
? ? b

8 8 a/b

9 9 ¢Zsl

10 10 G 1

101 11 (c/b)2

102 12 (g/b)2

Parameter

Planet and orientation parameters

Altitude

Orbit (noon, 45-deg, or twilight}

Orbit position (angle from point in orbit nearest planet-
sunline)

Primary surface _ angle at orbit position 4

Primary surface ¢ angle at orbit position 4

Primary surface co angle at orbit position 4

Height of primary surface (inputas 4 ft)

Width-to-height ratio of primary surface

Solar absorptivity.ofprimary surface

Emissivity of primary surface

Height-to-b ratio of surface 2

Width parameterof surface 2

4-10
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I

Input Internal
ID No. ID No. Symbol

103 13 (e/b)2

104 14 (f/b)2

105 15 _2

106 16 ¢
z

107 17 C_s2

108 18 G2

201 19 (c/b)3

202 20 (g/b)3

203 21 (e/b)3

•204 22 (f/b)3

205 23 _3

206 24 ¢3

207 25 _s3

208 26 G3

Parameter

Distance ratio of surface 2 to plane at primary surface

Distance ratio of primary surface to plane at surface 2

Trapezoid angle at surface 2

Angle between plane of surface 2 and plane at primal"
surface

Solar absorptivity at surface 2

Emissivity of surface 2

Height-to-b ratio of surface 3

Width parameter of surface 3

Distance ratio of surface 3 to plane of primary surface

Distance ratio of primary surface to plane of surface 3

Trapezoid angle of surface 3

Angle between plane of surface 3 and plane of primary
surface

Solar absorptivity of surface 3

Emissivity at surface 3

The study was divided into 28 sections as shown in Table 4-1. Sections 1, 7, 19, 21,

23, 25, and 27 were run as "new cases," each of which consisted of two parts, an

"equivalence list" and a "variable list." The remaining sections were run as "restart,"

each of which consisted of one part, modifications to the "variables list" of the preceding

case.

Equivalence List. Each card of the equivalence list contained the ID Nos. of two

variables which were to be varied together. For example, in Section 7 of Table 4-1

the c/b ratios of surfaces 2 and 3 were kept the same throughout the run. Whenever

(c/b) 2 was changed, (c/b)3 also had to be changed. Thus the equivalence list for

-Section 7 is

201 101

i.

4-11,
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Similarly, the equivalence list of Section 21 is

10 9

201 101

108 107

207 107

208 107

The equivalence list was ended by a card containing a - 1 in the position of the first

column of ID Nos.

Variable List. Each card of the variables list contained the ID No. of a parameter

and up to eight values for the parameter. If fewer than eight values of the parameter

were listed, the last value was followed by a value of 1. × 1032. For example, the

card for 8 = orbit position angle (ID No. 3) was

3 -90. -60. -30. 0. 30. 60. 90. 180.

This lists in order, the eight orbit positions shown in Fig. 4-3. The card for the

(f/b)2 ratio (ID No. 104) was

104 0. 1. E32

since (f/b) 2 is held equal to 0. throughout the parametric study, and the 1. E32

signifies that fewer than eight values are listed.

The card for ID No. 0 (planet and orientation parameters) was somewhat different.

It contained three quantities: the ID No. (0), a planet ID No. (1. = Venus, 2. = Mars),

and an orientation flag (1. = sun-oriented, 2. = planet-oriented). The ID No. 0

card for section 13 (Venus, planet-oriented) was

01.2.

The planetary parameters for Venus and Mars were built into the program; all that

was required on input was to select the planet involved.

4-12
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Part I

Table 4-1

SECTIONS OF STUD_/

Section
NO.

Case

Config. Orient. Planet Orbit
Vary (in order shown)

i ,

!

!

}

!
A..

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

1A Sun Venus Noon

1A Sun Venus 45 D

1A Sun Venus TWI

1A Sun Mars NOON

1A Sun Mars 45 D

1A Sun Mars TWI

1B Sun Venus NOON

1B Sun Venus 45 D

1B Sun Venus TWI

1B Sun Mars NOON

1B Sun Mars 45 D

1B Sun Mars TWI

1B Planet Venus NOON

1B Planet Venus 45 D

1B Planet Mars NOON

1B Planet Mars 45 D

]B Planet Venus TWI

1B Planet Mars TWI

c/b, a/b, Alt , Orbit

c/b, a/b, Alt, Orbit

c/b, a/b,- Alt; Orbit

c/b, a/b, Alt, Orbit

c/b, a/b,

c/b, a/b,

[(c/b) 3, (c/b)2], a/b,

[(c/b) 3, (c/b)2], a/b,

[(c/b) 3, (c/b)2], a/b,

[(c/b) 3, (c/b)2], a/b,

[(c/b) 3, (c/b)2] , a/b,

[ (c/b) 3, (c/b)2] , a/b,

[(c/b) 3, (c/b)2], a/b,

[ (c/b) 3, (c/b)21, a/b,

[(c/b) 3, (c/b)2], a/b,

[(c/b) 3, (e/b)2], a/b,

[(c/b) 3, (c/b)2], a/b,

[(c/b) 3, (c/b)2], a/b,

Pos., Posit.

Pos., Posit.

Pos.

Pos., Posit. :.

Alt, Orbit Pos., Posit.

Alt, Orbit Pos.

Air, Orbit Pos., Posit.

Alt, Orbit Pos., Posit.

Aft , Orbit Pos.

Air, Orbit Pos., Posit.

Aft , Orbit Pos., Posit.

Aft., Orbit Pos.

Alt , Orbit Pos., Posit.

Alt , Orbit Pos., Posit.

Aft , Orbit Pos., Posit.

Aft , Orbit Pos., Posit.

Alt, Orbit Pos.

Alt , Orbit Pos.

Ix, y] indicates that variable

i



M-16-64-I

Part 2

Section

No.

Case

Config. Planet Vary (in order shown)

19

20

21

22

23

24

25

26

27

28

IB Venus

iB .Mars

IB Venus

IB Mars

IA Venus

1A Mars

1B Venus

IB Mars

IA Venus

IA Mars

(c/b) 3, (c/b) 2, a/b

(c/b)3, (c/b)2, a/b

[(as/E) 3, (%/_)2], (%/E) r [(c/b) 3, (c/b)2], a/b

[ (c_s/_) 3, (_s/_)2 ] , (_s/C)l, [ (c/b) 3, (c/b)2], a/b

(_s/E)2, (C_s/_) 1, c/b, a/b

(C_s/_) 2, (C_s/E)l, c/bl a/b

[(c/b) 3, (c/b)2], a/b 1

[(c/b)3, (c/b)2],a/b.

[(c/b)3, (c/b)2], a/b a = _ = 120°

[ (c/b) 3, (c/b)2], a/b

x and y are varied together

.
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The variables list was ended by a card containing a negative number in the ID No.

column. This number indicated wheLher a "new case" or "restart" was to follow the

current case, as follows:

Number

-1

-2

-3

Action

"New case" follows

"Restart" follows

Nothing follows {unload output tapes and call EXIT)

New Case. As indicated above, each new case consisted of an equivalence list, ended

by a a - 1 card, and a variables list, ended by a - N card. The variables list

must contain one and only one card for each parameter.

Restart. On restarts, the equivalence list (including the -1 card) was omitted. The

equivalence list remained the same as it was on the preceding run. The variables

list contained cards only for the parameters that were to be varied in a different

manner, or whose values had been changed. For example Section 2 of Table 4-1 was

run as a restart of Section 1. Only the orbit and the number of surface positions were

changed - the orbit from noon to 45 deg, and the number of positions from two to three

(see Fig. 4-2). Thus, only the cards for ID Nos. 2 and 4 were required.

4.2.2 MAINP Subroutine (See Flow Chart, Fig. 4-4)

Purpose. MAINP reads in input data; performs incrementation of parameters; and

maintains a list of the current values of the parameters and a list of the values used

in the preceding run.

Input. The following quantities are read in from the input tape:

• NOR: Orientation flag (1 = sun-oriented, 2 = planet-oriented)

• NP(I): List of variable ID's, in the order input

• NPLAN: Planet ID No. (1 = Venus, 2 = Mars)

= 4-15
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ENTRY

Q I';,,,_s,----,1
i,

Q I NP(1)=0, LISTI(I)=0, LIST2(1)--0, I=1,26
V(I,J')=I, E32, I--1,26, J =1,8

1
I

..-.I

I
Q I

I
I
I
I
I
I
I
I
I
I
i
I

Read N1, N2 (one card)

<0 >0

N1

ERROR STOP

I
I
I
i
I
I
I
I

___J

LISTI(I) =N1

LIST2(I) = N2
I--I+ 1

Fig. 4-4 MAINP Flow Chart
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®

©

Read in Variables List

Read in N; P(J), J--l, 8(one card)

<0 >0

NP(I) - N

V(N, J) = P(J);j= 1, 8
I=I+ 1

NPLAN= P(1)

NOR = P(2)

Select values of TSS,

TDS, RPLAN, RSUN,

APLAN, WSUN, AS(J); J=l, 32
according to value of NPLAN

!
I
I
I
I
I
I

I

I
I

__J

h_

Fig. 4-4 (Cont.)
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I
®l

i
i
i
i
I
I
i

I

®I
I
I
i
I

unui

<-I 1 --_

U I
f

NIP=I- 1

E(1) - 1. ; I=l, 37
AS(D -1.
NSl--Nm/S
NS2 = NSl + 2

NS = NSl + 37

I I
!

i
i
I
I
i

l_Rs_Nil I

m |

InitializePC(1), PCL(I),
]
i
i
I

J

PX(I) = V(I,i) i

PCL(I) = i.E32 iNINC(I) = 1
NI= 0

Fig. 4-4 (Cont.)
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®
[

I
I

i
j Listed

Perform incrementation

<1, E32

!
T,,i

i

Search LIST 1 ]

'i"s_

IN = NINC (NJ) + 1 ]
i

N

ININC(NJ) = N IPC(NJ) = V(NJ, N)

6 ....

V(NJ, N)
>_1,, E32

ININC(NJ) = 1 IPC(NJ) = V(NJ, 1)

me m •

©

I
I

• i

I
I
I
I
I
I
I
I
I
i
I
I
i
I
I
I
]

Fig. 4-4 (Cont.)
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I
I

!

isted Not

NINC(NK) = N

PC(NK) = V(NK, N)

|
i

listed

I
J

I
I
i
I
I
I
I

i
I
I

I
I
I

(D!
]
i
i
I
I Call EXIT

Prepare to read in next case ]

_<-3 _ ->-I

• _---2 1

l I Returnto D ! I Returnto

Fig. 4-4 (Concluded)
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• NRST: Restart flag (-1 = new case follows, -2 = restart follows,

-3 -- nothing follows)

• V(I,J): Parameter values (I = parameter ID; J = jth value, up to eight

values per parameter; see Variables List in Input section

• LISTI(I), LIST2(I): List of parameters that are to be varied together (see

Equivalence List in Input section

Output. The following quantities are computed in MAINP before a transfer to TRANS:

APLAN: Planet area = 4_*(RPLAN) 2

AS(I),I = 1 to 37: c_s of sun and planet (_s(1) = 1., _s(2-37) = 1-p planet)

E(I),I = 1 to 37: G of sun and planet (G(1_37) = 1.)

NI: ID of next parameter to be incremented (NI = 0 for first run of a case,

using initial values of all parameters; NI > 0 for all subsequent runs)

Total number of nodes (1 sun + 36 planet + 2 or 3 satellite)

Number of satellite surfaces (2 for configuration la, 3 for configuration

NS:

NSI:

lb)

NS2:• Number of surfaces (1 sun + 1 planet ÷ 2 or 3 satellite)

• PC(I): List of the current values of the parameters

• PCL(I): List of the values of the parameters used in the preceding run (in

the first run, NI = 0, PCL(I) = 1. E32- for all I)

• RPLAN: Planet radius

• RSUN: Distance from planet to sun

• TDS: Planets dark-side surface temperature

• TSS: Planets subsolar surface temperature
4

• WSUN: Emissive power of sun = aT
BUn

Method. MAINP is primarily a "bookkeeping" routine to keep track of where in the

parametric study the program is. MAINP can be divided into nine main sections

(letters A through I on the flow chart, Fig. 4-4).

At entry (section A), set NRST = -1 to indicate that the first case read in is a "new

case," and initialize the NP, LIST1, LIST2, and V arrays (section B).

4-21j
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Read in the Equivalence List one card at a time, storing the ID's in LIST1 and LIST2,

and maintaining a count of the cards read in (section C). The end of the list is

signalled by a card containing a -1. _'aen this card is encountered, set NLIST equal

to the number of cards read in (not counting the -1 card) and start reading the Vari-

ables List (section D). Each card of the Variables List contains the parameter ID,

• _T _ " _-]-•,,h_,._....._..is ._'-"_'_v,,.,,_n _,_- m u_ order read in, and aiso contains the up to eight values

that the parameter will have, which are stored in the V array in order of the parameter

ID's. For example, the values of G, (parameter number 10) are stored in V(10, J);

J = 1, 8. (Note that new ID numbers are assigned to parameters 101 through 208 so

as to form continuous lists. The new IDts are equal to ID ÷ 2-92"(ID/100), where

(ID/100) is the integral part of the quotient• ) When (or if) a card containing an ID of

0 is encountered, the program recognizes it as the planet-orientation card. Instead

of placing the data on the card in the NP and V arrays, the program sets the orienta-

tion flag (NOR) and selects the appropriate set of planet parameters from an internally

stored list. The end of the Variables List is signalled by a card containing a negative

number in the ID column. In addition to signalling the end of the list, this negative

number indicates the type of case that follows the current case. A -1 indicates that

a "new case" follows; -2 indicates that a "restart" follows; -3 indicates nothing

follows, i.e. - this is the last case of the job.

After the Variables List is read in, the value of NRsT is tested (section E). At this

point, NRST indicates the type of the current case (new case or restart). If it is a

new case, new values are obtained for NIP, E(I), I = 1, 37, AS(D, NS1, NS2, and

NS. If it is a restart, these quantities remain unchanged. In either event, NRST is

changed to indicate the type of case that is to follow.

The program now proceeds to the computation and incrementing phase. The first step

of this phase is initialization of the PC, PCL, and NINC arrays and NI (section F).

The first Value of each parameter is placed in the PC array, the PCL array is set

equal to 1. E32 - an arbitrary number used only to make .PC(I) and PCL{I) unequal -

and the NINC array is set equal to 1 to indicate that the first value of each parameter

4-22
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. °

is obtained in PC. NI is set equal to 0 to indicate that this is the start of the first

run of th_ case.

The next step is to CALL TRANS (section G) to compute the fluxes based on the values

of the parameters contained in the PC array. After returning from TRANS, the param-

eters are incremented (section H). The last parameter read in is incremented through

each of its values, incrementing by 1 the value in NqNC that corresponds to the last

parameter, and returning to section G (CALL TRANS) after each increment. When

this incrementation is complete [ NINC(ID) = 8 or V(ID, J) = 1. E32], reset the last

parameter to its initial value, set the corresponding value in NINC to 1, increment

the next-to-last parameter read in, and return to section G. Continue in this manner,

incrementing the last parameter read in most frequently, the next-to-last next most

frequently and so on, until each of the parameters has been incremented through each

of its values. Any parameter whose ID is contained in the LIST1 array is incremented

-a}or, g.with its counterpart in the LIST2 array but is not incremented in the normal

sequence.

On completion of the case, test the value of NRST to see what data must be read in for

the next case. If NRST = -1 ("new case'S), return to section B to read in the new

Equivalence List. If NRST = -2 ("restart"), return to section D to read in the modi-

fication to the Variables List. If NRST = -3, unload the output tape for printing and

call EXIT.

4.2.3 TRANS Subroutine (See Flow Chart, Fig. 4-5)

Purpose. TRANS interprets the data output from MAINP for use in the remainder of

the program, and transfers to the appropriate subroutine for further computation.

Input. Input is the same as the output from MAINP. In particular, the quantities

PC(I), PCL(I), NI, NOR, RPLAN, and RSUN are used in the TRANS subroutine.

4-_3
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I
I
I
i
i
i

I
i

QI
I
i

ENTRY (from MAIN P)

I

in constant values in I

DATA, S, X, Y, and Z matrices.[

Set DATA (1, 6) = RSUN, and [

[ DATA (2, 6) = RPLAN. J

_P

_-] --0

Yes Have either fl or
, changed value?

<1 >i
If (N@R)

Compute coefficients
for RPX, RPY, RPZ

I
I
I

i
-i
J

Compute coefficients
for RSX, RSY, RSZ

i
I
I
I
[

I
I
i
I
I
I

Fig. 4-5 TRANS Flow Chart
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,%

I

QI
I
I
I
I
I

I.

Yes
Have 0p,¢p, or

changed value ?

Compute P(I, J) 1

I

% [
I

v I

_____]

gv-

I

I
Compute RSX, RSY, RSZ _,

RPX, RPY, RPZ I i
I

i

Has h changed value? _

= 1 _ If (NCH) _--0_ -/

Compute DATA ](2, 11),(2, 12),(2, 13)

I
J
I
I

• .

Fig. 4-5 (Cont..)
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Qi
I
I
I

I
i
l

I
I
I
I
I
I
I

®.

Yes
Has b or a/b changed value? No

Compute DATA (3, 8}, (3, 10) if either has changed.

I

--7
I

, I
1 t

IN3 011
J

-%

b, a/b, (c/b)2 ,(g/b) 2 ,(e/b)2, (f/b)2,_kNo

or _2 changed value? _/

Compute DATA (4,7), (4,8), (4,9), (4,10), (4,11), (4,12),

(4,16); S (2,1), (2,2); Y(2,1), (2,2); Z (2, I) and/or

Z (2,2) depending on which of the above parameters

has changed value.

i ,

Y%Has b, a/b, (c/b)2 , (g/b)2 , (e/b)2 , (f/b)2 _

__ _2, or g_2changed value?_ "

I
I

1
I
I
I

I

I
I
I

Compute DATA (4,7), (4,8), (4,9), (4,10), (4,11), 4, 12)7

(4,16); S(2,1), (2,2); Y(2,1), (2,2); Z(2,1) and/(r |

Z (2,2) depending on which of the above parameters |

has changed value. /

Fig. 4-5 (Cont.)
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I.

< 1.E32I

I
I

Yes -- No
-/?Has b, a/b, (c/b)3, (g/b)3, _ No

I . _/' (e/b)3, (f/b)3, or

I I k _3 changed value? /

If(PC(19))

/
_90.

Yes " No
"es/Kas b,_/b, (c/b)3, (g/U)3\N°

(e/b)3'(f/b)3,_3 or ),-

k ¢53 changed value? j/

I L

I i N_-,1
I I

Compute DATA (5, 7), (5, 8),
(5,9),(5,10),(5,11),(5,12),

(5,16); S(3,1),(3,2); Y(3, 1),

(3,2); Z(3, i), and/or Z(3,2)

depending on which of the
above parameters has

changed value.

KT-2

[ N5=0

If(NI or N2)

If(N3, N4, or N5)

Compute DATA (5,7),(5,8),

(5,9),(5,10),(5,11),(5,12),

(5,16); S(3,1),(3,2); Y(3, 1),

(3,2); Z(3, I), and/or Z(3,2)
depending on which of the
above parameters has

changed v&lue.

I
I

I
I
I
I
I
I
i
I
I
I
I
l

I

KT • . I

Numerals within parentheses represent subscripts

Fig. 4-5 (Cdnt.)
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F- "' 'Yes

I
I

I 1
l

Is satellite in _" I
shadow? [

I

[ N_=° ] ![

CALL VIEW (10.)
i i

Set AS(38, 39, and 40) and E(38, 39, and 40)
from PC(9, 17, 25, 10, 18, and 26)

i

Q PCL(1)=PC(I);I=l'26 ] i

RETURN TO MAINP

___.__J
Numerals within parentheses represent subscripts

Figure 4-5 (Concluded)
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4

I

Output. There are three transfer points from TRANS: to VIEW subroutine, to FLUX

subroutine, and return to MAINP. The following qualm.titles are computed in TRANS

prior to the transfer to VIEW:

O

O

DATA(I, J), LDATA(I, J): These two together constitute the DATA matrix.

They occupy the same region in core through use of the statement EQUIVA-

LENCE (DATA, LDATA). In this way, floating-point numbers can be stored

in the'DATA matrix through use of DATA(I, J), and fixed-point numbers can

be stored by use of LDATA(I, J). Thus, the DATA matrix contains a mixture

of floating-point and fixed-point numbers. The DATA matrix performs the

same function here that it does in the generalized program; i.e. it contains

the description of each of the surfaces involved in the flux computation. The

content of the DATA matrix is shown in Fig. 4-6. The expressions in Fig.

4-6 refer to the dimensions shown in Fig. 4-1. The sun [ DATA(I, J)] is as-

sumed to be a rectangle with an area equal to the area of the solar disk. Each

of the satellite surfaces [DATA(3, J), DATA(4, J), and DATA(5, J)] is divided

into 16 incremental surfaces.

S(I, J): The S matrix, used in the SHADE subroutine, contains the location of
1

the intersection of each satellite surface with its z axis (see Figs. B7, B8,

and B9 in Appendix B).

X(I, J): The X matrix, used in the SHADE subroutine, contains the X, Y, and
1

Z components of each satellite surface's X axis

Y(I,J): The Y matrix, used in the SHADE subroutine, containsthe X, Y, and

Z components of each satellitesurface's Y axis.

Z(I,J): The Z matrix, used inthe SHADE subroutine, contains the X, Y, and

Z components of each satellitesurface's Z' axis.

NITE: This is a flag, used inthe OMEGA subroutine to indicate whether the

satelliteis in direct sunlight(NITE = 0) or in the planet's shadow (NITE = I).

NI: This is a flag, used in the OMEGA subroutine to indicate whether the lo-

cation of the satelliterelativeto the sun has been changed between this run

and the preceding run.

N2: This is a flag, used in the OMEGA subroutine to indicatewhether the lo-

cation of thesatelliterelativeto the planet has been changed.

f
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• N3, N4, N5: These are flags, used in the OMEGA subroutine to indicate

whether the dimensions or orientation of the satellite surface has been

changed.

• KT: This is a flag to show what must be computed in VIEW.

After returning from VIEW and before transferring to FLUX, the following quantities

are obtained from PC(I):

• AS(I), I = 38, NS: a of the satellite surfaces
S

• _ _48., NS: ¢ of the satellite surfaces

_-_
_ter returning from FLUX and before returning to MAINP, the PCL(I) list is made

--"*Q -___._t., the PC(I) list. The current run now becomes the preceding run.

Method. TRANS subroutine can be divided into 14 main sections (letters A through N

on the flow chart, Fig. 4-4).

Large portions of the DATA matrix remain constant throughout each case (see Fig.

4-6). So, on entry from MAINP (section A), test NI to see whether this is the first

run of a case. If it is, fill in these constant values.

In sections B through H, each of the parameters is tested to see if it has been changed

since the previous run by comparing the value listed in the PC array (current value)

with the value listed in the PCL array (previous value). If the parameter has changed,

each element of the DATA matrix that is affected by the parameter is changed to re-

flect the new value. In addition, a flag is set for each surface (sun, planet, surface 1,

surface 2, and, if it exists, surface 3) to indicate whether any of the elements of the

DATA matrix that apply to that surface have been changed. These flags - N1, N2, N3,

N4, and N5 - are used in the other subroutines to eliminate unnecessary calculations.

After completing the DATA, S, X, Y, and Z matrices, the flags N1 through N5 are

tested and two more flags, KT and NITE, are set (sections I and J). These flags are
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DAT

?*

G .

. o

_

i.

!.

_o

!.

I Surface

1 Sun

2 Planet

3 Surface 1

4 Surface 2

5 Surface 3

J 1 2 3 4 5 6 7 8 9 10

Quantity ILK N_ NT NV_ NVT a fl min. 7 min. fl max. T max.

-1 1 1 1 1 RSUN -0.20196E10 -0.20196E10 0.20196E10 0.20196E10

6 1 1 3 12 RPLAN 0 0 0 360.

(Primary) 1. 4

a2 = 90. -1 4

_2 > 90. 3

a 2 < 90.

a2 = 90. 1 4

(_2 > 90. -3

_2 < 90.

4 1 1 0

4 1 1 0

4 1 1 0

-b/2 -a/2

_c2/2 a- 2+g2

tan
90+_ 2

_c3/2 a- 2+g2
a

f3- 2+g3 tan (_3 90-(_3

90+(_ 3

b/2 a/2

c2/2 a2+g2

c2+_ rain. _2-90

270-c_ 2

a
c3/2 2+g2

c 3 +fl rain. (_3-90

270-_ 3

Ii
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A Matrix

11 12 13

R1 R2 R3

0 0 0

H *RPZ -H *RPY -H *RPZ

14 15

RSX<0: -arc cos [RSY/{(RSX)2+(RSy)2i 0

Rsx>o:arccosi RsY/_2_2i
P_qY < 0: 180.

RSX =0
RSY > 0: 0.

RPX<0:-arc cos [RPT/(R_-_2._) 2] 0

RPX>0: arc cos [RPT/R_2_--_-

RPY<0: 180.
RPX = 0 RPY>0: 0.

16
Q0

-acrs (RSZ)

-acrs (RPZ)

o o o

!2- # min.)sin¢2 (e2÷b)-(f2-_min.)cos _o2 0

0 0

0 -¢2

180 - _2

_3-_ min. )sin_3 (e3+b)-(f3-_ rain.)cos <g3 0
0

Fig. 4-6 DATA Matrix
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S Matrix X Matrix

t

4_

I
f-

L

J= 1 2 3

I= 1 0. 0. 0.

2 DATA (4, 11) DATA (4, 11) 0.

3 DATA (5, 1I) DATA (5, 11) 0.

Y Matrix (a 2 = 90)

J= 1 2 3

I= 1 0. I. 0.

2 -sin _2 " cos ¢2 O.

3 -sin ¢3 -cos ¢3 O.

Z Matrix (a 3 = 90)

J= 1 2 3

I= 1 1. O. O.

2 cos ¢2 sin ¢2 O.

3 -cos ¢3 sin ¢P3 O.

J= 1 2

I = 1 0. 0.

2 0. 0.

3 0. 0.

Y Matrix (_2 _: 90)

3

I.

i.

I.

J= 1 2 3

I= 1 0. 1. 0.

2 sin _2 -cos _2 0.

3 sin _3 cos _3 0.

RSX = p(3,

RST = P(3,2)

RSZ = P(3,3) i
.J

•RPX = P(1,1)I

RPY P(1, 2)

RPZ = P(l,3) s

P(I, I) = cos _bpc

P(2, 1) = cos Cp s

P(3, 1) = sin _bp

J=

I=

Z Matrix (_3 $ 90)

1 2 3

1 1. O. O.

2 -cos _2 -sin _2 O.

3 cos _3 -sin _3 O.

[
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Sun-Oriented (NOR = I) Planet-Oriented (NOR = 2)

in fl-P(2, 1) cos 0sinfl + P(3, 1)cos 0cosfl

in 0-P(2,2) cos 0sinfl + P(3, 2) cos 0cosfl

in 0-P(2,3) cos 0sinfl + P(3, 3) cos 0cosfl

os _Pp •

in Cp

P(1, 2) = cos Wp sin Cp - sin Wp sin ¢p cos (pp

P(2, 2) = cOSWp cos _p+Sin Wp sin¢p sin Cp

P(3,2) = sin U_pcos _bp

-P(1, 1)sin 0cosfl + P(2, 1) sinfl + P(3, 1) cos 0cosfl

-P(1,2) sin 0cosfl + P(2,2)_infl + P(3.2) cos 0cosfl

-P(1, 3) sin 0 cos fl + P(2, 3) sinfl + P(3, 3) cos 0 cosfl

P(3,i)

P(3,2)

P(3,3)

P(1, 3) = -cos Wpsin Cp cos, (pp - sin _p Sin Cp

P(2,3) : cOS _p Sin Cp Sin _p-sinwpCOSCp

P(3, 3) = cos Wp cos Cp

Fig. 4-6 (Concluded_
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also used to eliminate unnecessary calculations in the other subroutines. If KT < 2,

one or more of the surfaces has been changed, and it is necessary to recalculate the

view factors pertaining to the changed surfaces. In this case, transfer to VIEW

through the CALL VIEW (ERR) statement (section K), with ERR = 10. ERR is the

percent of error allowable in computing the view factor between the satellite surfaces

and the planet (see Appendix D). For the parametric study, an error of i0 percent or

less has been selected. On returning from VIEW, proceed to section L.

If KT = 2, none of the surface dimensions or locations has changed, so it is not nec-

essary to recalculate the view factors. The program skips directly to section L, where

the remainder of the AS and E arrays are filled, and then transfers to FLUX through

the CALL FLUX statement (section M) to compute the heat fluxes.

On return from FLUX, the PCL array is set equal to the PC array (section N); the

current run now becomes the previous run. The program then returns to section H

of MAINP, where the new parametric values are obtained for the next run.

4.2.4 VIEW and VECTOR Subroutines (See Flow Chart, Fig. 4-7)

Purpose. The VIEW and VECTOR subroutines are essentially the same as the corre-

sponding routines of the generalized program (see Appendix A), although some changes

were made to take advantage of the more restricted nature of the parametric study.

As in the generalized program, the number of incremental areas or elements in each

planet mode is formed from ERR and the satellite altitude and then the ARA and POS

arrays are computed from the data in the DATA matrix. The ARA and POS arrays are

then transmitted to the OMEGA subroutine for computation of the view factors.

1

i

Input_.___:.Input is the same as the output from TRANS and MAINP. In particular, ERR,

NI, N1, N2, N3, N4, N5, NS2, RPLAN, and the DATA and PC arrays are used in

VIEW and VECTOR.

f
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I®l
i
I
[

r=

I
I
I
I

I
I

ENTRY (from TRANS)

_ 1 -[,-._

I._s__oI i, °'..

) = O, all I ,

=0

I

>o [
If (N1) i

i
Compute LDATA (2, |
2) from ERR -- 10 rand h.

I IND=2

F

! }
J

3
,_J

If LDATA(2, 2) has changed
since the last run, shift
the part of the.ARA and POS
lists associated with the
_dLVlllt_ I, AZC_AZ_

CNTN(K) to conform with
the new locations•

I
NV = 0

N=0

--]
Jl

If (IND) j,__2

NV=I !N=I

I
I
I
I
I
I

I

II ,
I

Fig. 4-7 VIEW Flow Chart
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o

o ,

I
NSUR - 1_IN_D = ;

i®K

I 1' •

"- I--
Q .... _

I

I
I
I

Lu_

If (N52) _5

I
I

IND=5 T

Fig. 4-7 {Concluded)

g
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Compute ARA(N, J)
and POS(N, J) for
surface IND, follow-

ing the procedure of
the generalized pro-
gram. N goes from
the initial value set
in section H to

(_: _al value) +
(_ *Ny* NVfl*NV_)
of surface IND.

®

I

GOINDTO (C,D, E, F, K),]

1
CALL OMEGA ,]

RETURN TO TITANS
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Output.

before a

The following quantities are computed in the VIEW and VECTOR subroutines

transfer to OMEGA:

• ARA(I,J): This consists of X(J = 3), Y(J = 2), and Z(J = l)'components of

the area normal vector of the I th incremental area or element.

• POS(I,J): This consists of X(J = 3), Y(J = 2), and Z(J = 1) components of

the position vector of the center of the I th i_cremental area or element.

• NTN(K): This is a list showing which portion of the ARA and POS arrays be-

longs to which node. NTN(K) contains the index I of the last incremental area

in ARA(I, J) and POS(I, J) that belongs to node K.

• NSUR: This is a flag indicating whether the satellite surfaces have been

changed between the preceding run and the current run. If N3 = N4 = N5 =

0, thenNSUR = 0. If N3, N4, or N5 = 1, then NSUR = 1.

Method. The VIEW subroutine can be divided into eleven main sections (letters A

through K on the flow chart, Fig. 4-7).

As stated above, these subroutines are essentially the same as the subroutines of the

generalized program. The main difference is in subroutine VIEW. The generalized

program recomputes the entire ARA and POS arrays at each entry from TRANS. In

this parametric study, the restricted number and geometry of the surfaces make it

feasible to treat the surfaces one at a time. If the surface has been changed since the

last run, the corresponding part of ARA and POS are recomputed. If it has not, the

corresponding part of ARA and POS is left unchanged.

On entry from TRANS, NSUR is set to 0, NI is tested, and, if NI = 0, the NTN array

is initialized (section A). The program then checks whether each of the surfaces has

been changed by testing N1, N2, N3, N4, and N5 (sections B through F). If N1, N3,

N4, or N5 = 1, the program sets a return flag (IND) and _oes to section H to compute

the new ARA and POS values (sections H and I, and VECTOR subroutine). If N2 = 1,

the program determines • whether the number of planetary incremental areas must be

changed (section C) and goes to section G, where the ARA and POS arrays are
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rearranged, before going to section H. After computing the new ARA and POS values

for a surface, the program returns to test the next surface. •

After each surface is tested and the new ARA and POS values are computed, the pro-

gram transfers to the OMEGA subroutine for computation of view factors. On return

from OMEGA, the program returns to section L of TRANS.

The VECTOR subrou{tine is essentially the same as in the generalized program (see

Appendix A) except that it contains routines for the rectangle, trapezoid (or triangle),

and sphere only.

4.2.5 OMEGA and SHADE Subroutines (See Flow Chart, Fig. 4-8)

Purpose. The OMEGA subroutine computes the view factor between each pair of

nodes, and the area of each node, from the data in the ARA and POS arrays. The

basic equation and method are the same as in the generalized program, although the

subroutine itself has been modified considerably.

Input. Input is the same as the output from the TRANS and VIEW subroutines and

MAIN/). In particular, NI, NS, and RSUN from MAINP; N1, N2, N3, N4, N5, and

NITE from TRANS; and NSUR and the ARA and POS arrays from VIEW are used in

the OMEGA subroutine.

Output. The following quantities are computed in OMEGA before a return to the

VIEW subroutine.

• FA(I, J): This is the view factor (actuallyview factors times area) between

nodes I and J.

• AREA(J): This is the area of node I.

• COST(I): This is the cosine of the angle between the effective normal vector

of each planet node and the planet-sun line.

f
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0 t
I
I i
I
I
I

Set the view factors
from each surface to

itself, and from each

planet node to each other
planet node, equal to

zero.

AREA (I) = 0.16315E2
(sun area_

>0

=0 /
/

I
I
I
I

l
I
I
I
I
i

I ComputeAREA(38) (surfacel)[

I

I

1

Does surface 3 exist?

()

Yes

Compute AREA(40 (surface 3)
Compute FA(40, 39) = FA(39,40)
(surface 3 to surface 2) by finite
difference method.

Compute FA(40,38) = FA(38,40)
(surface 1 to surface 3) by equation.

I
I

I
I
I
I
I
I
i
i

Fig. 4-8 OMEGA Flow Chart
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No

"" T
Compute AREA (39) (surface 2)
Compute FA(39, 38) = FA(38, 39)
(surface 1 to surface 2) by equation

I ,

--_ Does surface 3 exist?

Yes

i

Compute AREA(40) I

Compute FA(40, 38) = FA(38,40) and
FA(40, 39) = FA(39, 40) by finite
difference method.

J

Compute AREA (39)

Compute FA(39, 38) = FA(38, 39)
by finite difference method.

e

Fig. 4-8 (Cont.)
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h

)
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I
I

I

I
I
I
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© I io¸I , 1
1

Compute AREA (2) through I

AREA(37) (planet nodes) I
!

Set satellite-surface-to-sun]

view factors equal to z__]

Compute satellite-surface-to-
planet view factors by finite
difference method. Check for

shading by other satellite sur-
faces through subroutine
SHADE.

I

Compute satellite-surface-to-sun
view factors by finite difference
method. Check for shading by other
satellite surfaces through subroutine
SHADE.

I
I
I
[
i
I
I

Fig. 4-8 (Cont.)
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i
I
I

i
I
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®
=O

If(N1)

1

If(N2)

--0 1
If (NITE)

Set planet-to-sun view
factors equal to zero.

Compute planet-to-sun view
factors by finite difference
method (no SHADE check
required). Compute COST
for each planet node.

I Return to view ]

1
I
I

J
I
!

I
I
I
i
I
I

.__J

o .

.°

Fig. 4-8 (Concluded)
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Method. The OMEGA subroutine can be divided into five main sections (letters A

through E on the flow chart, Fig. 4-8).

The finite-difference method described in Appendix A is used to compute the view

factors between the satellite surfaces and the sun, the satellite surfaces and the

planet, and the planet and the sun. if surface 2 or 3 is a trapezoid, the finite difference

technique is also used to compute the view factor between satellite surfaces 2 and 3

(if surface 3 exists) and between satellite surfaces 1 and 2, and 1 and 3 (again, if sur-

face 3 existsi. If surface 2 or 3 is a rectangle, the explicit equation of Ref. 4 for two

rectangles with a common edge is used. In this way, the main source of inaccuracy

in the finite difference technique was eliminated:

On entry from VIEW, i_rl is tested (section A). If NI = 0, the FA matrix is initialized

by setting the view factor from each surface to itself equal to 0, and the program pro-

ceeds to section B. If NI > 0, NSUR is tested to see whether any of the satellite sur-

faces have been changed. If so (NSUR = 1), the program proceeds to section B. If

not (NSUR = 0), the program skips to section C.

In section B, the satellite-surface-to-satellite-surface view factors and the satellite

surface areas are computed and stored in FA and AREA respectively. View factors

are computed by the finite difference method or, where applicable, by the explicit

equation. It is not necessary to check for shading by other surfaces, because the

geometry of the parametric study surfaces precludes shading.

In step C, N2 and NSUR are tested to see whether either the planet or one of the

satellite surfaces has changed since the last run. If neither has the program proceeds

to section D. If either has, the satellite surface-to-planet view factors are computed.

It is necessary here to check each pair of incremental areas for shading by other

satellite surfaces (see the SHADE subroutine).

The satellite-surface-to-sun view factors are computed in section D. If the satellite

is in the planet's-shadow (NITE = 1), each of these view factors is set equal to 0. It

is again necessary to check for shading through the SHADE subroutine.
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® =0

('nrnnllt_ th_ r_d_n_{hz nf ,_,_]_

planet node and the effective

radiosity of the planet.

©

©

©

®

ENTRY FROM TRANS

/ _ =2

=I

I

• I

| ,,

Compute the incident fluxes Q (1,I),
Q (2,I), and Q (3,I) on the

satellite surfaces

Obtain the view factors (FM0 array)
from the FA and ARLA arrays.

Compute the radiation constants (GS)
for solar and albedo radiation.

I.

Compute the radiation constants (GP)
for planetary radiation.

Compute the absorbed fluxes Q(2,I), I
Q (4, I), and Q (6,I) on the Isatellite surfaces.

[ CALLOUTPUT ]

• l

l__ _o_sl
Fig. 4-9 FLUX Flow Chart
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Finally, the planet-to-sun view factors and the COST values are computed in section

E, provided that either the sun or the planet has moved relative to the satellite

(N1 = 1 or N2 = 1, respectively). No shading check is required in this computation.

After completion of section E, the program returns to the VIEW subroutine.

The SHADE subroutine is basically the same as the corresponding subroutine in the

generalized program (see Appendix A). The restrictions are that the shading surface

must be either a rectangle or trapezoid (or triangle), and one of the incremental areas

must be on a satellite surface and the other on either the planet or the sun.

4.2.6 FLUX and INVERT Subroutine (See Flow Chart, Fig. 4-9)

Purpose. The FLUX subroutine computes the view factor and radiation constant

matrices and the direct incident and absorbed fluxes from the data generated by

MAINP and the TRANS and OMEGA subroutines. The INVERT subroutine, which is

identical to the corresponding subroutine in the generalized program, performs the

matrix inversions required in the radiation constant computations.

Input. Input is the same as the output from MAINP and the TRANS and OMEGA sub-

routines. In particular the FLUX subroutine uses NS1, NS2, NS, APLAN, TDS, TSS,

and WSUN from MAINP; KT and the AS and E arrays from TRANS; and the FA, AREA,

and cost arrays from OMEGA.

Output. The following quantities are computed in FLUX before transferring to

OUTPUT.

• FMO(I, J): These are the view factors from surface I to surface J.

• GP(I, J): These are the radiation constants from surface I to surface J for

planetary (infrared) radiation.

• GS(I, J): These are the radiation constants from surface I to surface J for

solar and albedo (visible) radiation.

• Q(I, J): These are the incident and absorbed solar, albedo, and planetary

fluxes on the satellite surfaces.
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Method. The method is the same as in the corresponding subroutine in the generalized

program. Again, som simplification is possible because of the restricted number of

surfaces and because of the assumption that absorptivity (as) forsolar radiation is

the same as for albedo radiation.

On entry from TRANS, KT is tested to see what changes have been made to the sur-

faces. If KT = 0 (sun or planet was changed), the radiosity of each planet node and

the effective radiosity of the planet are computed (section B on flow chart). If KT = 1

(sun and planet unchanged, but one or more surfaces changed), section B is skipped

and the program proceeds to sections C and D, where the new incident fluxes and the

new view factors are obtained. If KT = 2 (no surfaces, and therefore no view factors,

changed), the program skips to sections E, F, and G, where the radiation constants

for solar and albedo radiation (GS array), the radiation constants for planetary radia-

tion (GP array) and the absorbed fluxes are computed.

On completion of section G, the program transfers to OUTPUT. On return from

OUTPUT, the program returns to TRANS.

4.2.7 OUTPUT Subroutine (See Flow Chart, Fig. 4-10)

Purpose. OUTPUT writes the results of the parametric study on the output tape.

Input. Luput is the same as the output from MAINP and FLUX._,_. pa_icular, OUT-

PUT uses N-I, NOR, NPLAN, NS1, and the PC array from MAI_,-'and the FMO, GP,

GS, and Q arrays from FLUX.

The Q, FMO, C-S, and GP arrays, and the run identification are written on

the output tape. The run identification consists of 18 items which are described in

subsection 4.3, results.

Method. NI is tested, as usual, on entry from TRANS. If NI = 0, set ICT = 0 and

set up tables of Hollerith characters The appropriate Hollerith data in the run

4-47

LOCKHEED MISSILES & SPACE COMPANY



M-16-64-I

ENTRY FROM FLUX

=0

ICT = 0 1
=1

Set up Hollerith arrays
for use in run identification.

Set up the run identification block
from NOR, NPLAN, NSI, and

the PC array.

Page eject 1

Write out the data from one run

(one point of the study).

1

<2

ICT = ICT +

(ICT)
>-2

RETURN TO FLUX

ICT = 0

J

i

I

Fig. 4-10 OUTPUT Flow Chart
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identificationblock is selected from these tables according to the current values of

NOR, NPLAN, NSI, and the PC array.

After setting up the run identification block, test ICT. If ICT --- 0, write the first

line of output with a ] in column 1 for a page eject. If ICT > 0, write the first line

of output with a 0 in column 1 for a double space between-the runs on the page.

Write out the remainder of the data for the run. After outputting the run, test ICT

again. If ICT < 2, increment ICTby 1. If ICT = 2, set ICT = 0. This manipula-

tion of ICT causes the program to output three runs per page, with a double space

between the runs.

4.2.8 TRIG Package

The TRIG Package used for computing trigonometric and inverse .trigonometric func-

tions is identical to the package in the generalized program.

t

4.3 RESULTS

The results of the parametric study are presented in separate volumes for Venus and

Mars.

Each page of the results contains three points of the study, corresponding to the three

values of the c/b ratio (Surface Configurations in subsection 4.2.3). The data for each

point are indicated in succeeding paragraphs.

A run identification block along the right-hand margin contains the following

information:

Heading

PLANET - VENUS or .MARS

ALTITUDE

Explanation

Self-explanatory

The altitude of the satellite above the mean planet
surface in kilometers
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Heading

ORBIT- NOON POLAR, 45 D
POLAR, or TWI. POLAR

ORIENTATION - SUN or
PLANET

CONFIGURATION- la or
lb

POSITION- 1, 2, or 3

ORBIT POSITION- 1

through 8

A/B, C/B

ABSORP.

EMISS.

ALPHA

Explanation

The angle fl between the orbit plane and the planet-
sun line (NOON indicates fl = 0, 45 D indicates

= 45, TWI. indicates fl = 90); see Figs. 4-2 and
4-3

The change in the orientation of the satellite as it

changes orbit position (SUN indicates that the satellite
keeps the same surface facing the sun throughout the
orbit; PLANET indicates that the satellite rotates as

it changes orbit position so that the same surface is
always facing the planet)

The number of surfaces (la is the two-surface con-

figuration shown on Fig. A-l; lb is the three-surface
configuration)

The direction the primary surface (surface 1)is facing
(see Fig. 4-2)

The angle between the planet-satellite line and the

point in orbit nearest the planet-sun line (see Fig.
4-3)

The a/b ratio of surface 1, and the c/b ratios of sur-

face 2 and 3 (c/b of surface 3 equals 0 in configuration
la);see Fig. 4-1

The solar absorptivity (as) of surfaces i, 2, and 3

The low-temperature emissivity (¢) of surfaces i,
2, and3

The trapezoidal angle of surfaces 2 and 3 (angles
of Fig. A-l) with fl = _ assumed

The heat fluxes to surfaces 1, 2, and where applicable, 3 are listed across the top

of each run. In this list, QS(I) is the direct incident solar flux, QS(A) is the absorbed

solar flux, QR(I) is the direct incident albedo flux, QR(A) is the absorbed albedo flux,

QP(I) is the direct incident planetary flux, and QP(A) is the absorbed planetary flux.

The computed view factors are listed immediately below the heat fluxes. The symbols

at the left of and above the view factor array are the surface identification: S for sun,

P for planet, 1 for satellite surface 1, 2 for satellite surface 2, 3 for satellite surface

3. The number at the intersection of a row and column is the view factor from the
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surface indicated at the left of the row to the surface indicated at the top of the

column. /

The radiation constants for solar and albedo-radiation and planetary radiation are

listed in two arrays using the same format and method of identification as the view

factor array. The surface identification symbols S, P, 1, 2, and 3 have been

omitted at the top of these arrays.

The t flux v es Computed in this study vary over about seven orders of magni-

tude (from about 0. 00005 Btu/hr-ft 2 to about 500 Btu/hr-ft 2} depending on the satellite

altitude, the angle bet_,een the planet-satellite line and the planet-sun line, the

orientation of the satellite relative to the planet and sun, and the number of surfaces.

The absorbed fluxes are additionally affected by the absorptivity and emissivity of the

surfaces and by the view factors between the surfaces.

Figures 4-11(a) through 4-11(1) show the range of incident flux rates on the primary

surface (surface 1) for a/b = c/b = 1. They are plotted as a function of orbit

position angle at altitudes of 100 km, 1,000 km, and 10, 000 km (the fluxes at 30, 000

km were generally an order of magnitude lower than the fluxes at 10, 000 km and were

therefore too small to be plotted); and for position 1 in a noon orbit (fl = 0), position 3

in a 45-deg orbit (fl = 45) and position 1 in a twilight orbit 03 = 90) as shown in

Fig. 4-2. The orbit position angle is related.to the orbit positions of Fig. 4-3 as fol-

lows: 0 deg is equivalent to orbit position 4, 30 deg to positions 3 and 5, 60 deg to

positions 2 and 6, 90 deg to positions 1 and 7, and 180 deg to position 8.

In general, the effect of altitude on the fluxes is as would be expected: the planetary

and albedo fluxes decrease as the altitude increases, while the solar flux is unaffected.

An exception occurs in the albedo fluxes on a satellite near the terminator (fl = 90

deg or orbit position angle = 90 deg). The albedo flux in this location reaches a maxi-

mum at about 0.25 to 0.75 planet radii, decreasing at higher altitudes asexpected,

and also decreasing at lower altitudes. The reason for this apparent anomaly is that
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at very low altitudes only a very small portion of the illuminated side of the planet is

visible. As the altitude increases, more of the illuminated side of the planet becomes

visible. At the lower altitudes, this increase in visibility outweighs the reduction in

flux because of the increased distance from the planet.

The effect of angle between the planet-satellite line ...... planet-sun '-'-^ " _'_^•_4[IU L/I_ 1111_ lS _JLOU

generally as expected. To a first approximation, the albedo flux decreases as the

cosine of the orbit position angle, The Mars planetary flux also shows a cosine-like

variation because of the variation in planet surface temperature.

Although the two parameters mentioned, altitude and orbit position, serve quite well

to indicate the trends of the flux values, their actual magnitudes cannot be estimated

without considering the orientation of the satellite and the number of surfaces involved.

An indication of the effect of orientation can be obtained by comparing the flux for con-

figuration la (two surfaces) at /3 = 0 deg, orbit position angle = 45 deg and the flux

at fl = 45 deg, orbit position angle = 0 deg. With fl = 0 deg, the primary surface

is perpendicular to the planet surface and is partially shielded by the other surfaces.

With fl = 45 deg, the primary surface is turned toward the planet surface and re-

ceives no Shielding. The flux at the /3 = 45 deg point is roughly double the flux at the

fl = 0 deg point. The number and location of other surfaces also have a strong effect

as can be seen by'comparing the fluxes for configuration la (two surfaces) with the

fluxes for configuration lb (three surfaces). Addition of the third surface decreases

the flux significantly because of the additional shielding.

4.4 DISCUSSION OF THE RESULTS

As a means of checking the validity of tbe parametric study, a number of hand calcu-

lations were made. The techniques and results of the hand calculation are presented

in Appendix F.

The computed fluxes can be compared to the hand-calculated fluxes in either of two

ways: by comparing the magnitude of the difference between computed and hand
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calculated values, and by comparing the percentage difference in the two values.

Significant conclusions can be drawn from either method.

The percentage difference, defined as 100× (computed flux -hand calculated flux)/

(hand calculated flux) gives an indication of the inherent accuracy of the methods used.

_v,vLa,_y _1_*-$, w,v ,a_w_ percentage differences occur w,,uru the magnitude of

the flux is very small. For example, the largest percentage difference - 104%-

occurred in computing the planetary flux on surface 1 from Mars at 30,000 km and

fl = 45. At this point, the computed flux was 0. 0237 Btu/hr-ft 2 compared to a hand-

calculated value of 0. 0116 Btu/hr-ft 2. These differences can be attributed mainly to

inaccuracies in the hand calculations from projecting and measuring very small areas.

Relatively large percentage differences also occurred when the fluxes were computed

at 100 km above Mars. These differences occurred because of a break-down in the

method of specifying the tolerable error in the view factors between the satellite sur-

faces and the planet. Subsection A. 1 of Appendix A describes how the value of Nfl for

the planet nodes is increased until the percentage error in the surface-to-planet view

factor for a "horizontal" surface is reduced below a specified amount (below 10 percent

in the parametric study). Figures D-5 and D-6 of Appendix D show the percentage

error in the planet view factor for "horizontal" and "vertical" surfaces as a function

of altitude and N/L In general, the error in the "horizontal" surface view factor is

greater than the error in the '_vertical" surface view factor, and the error decreases

as Nfl increases. However, this is not true at 100 km above Mars. At that altitude,

the percentage error in the "horizontal" surface view factor is only 1.2 percent for

Nfl = 1, so the program assumes that Nfl = 1 will give the desired accuracy. That

this assumption was not a good one is seen from Fig. D-6, where the error in the

"vertical" surface view factor is shown to be over 28 percent. Inasmuch as surface 1

is a '*vertical" surface in the cases that are being compared, there is an error of about

28 percent in the Mars 100-km computed fluxes. This source of error does not apply

to the other altitudes.

:!

The magnitude of the difference between the computed and hand-calculated fluxes gives

an indication of the effect any inaccuracies in the method may have on the satellite
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temperature. An inaccuracy of, say, 10 percent would be tolerable if the heat fluxes

were of the order of 0.01 Btu/hr-ft 2 because an error of 0. 001 Btu/hr-ft 2 is insigni-

ficantly small. On the other hand, an inaccuracy of 10 percent in computing a flux

of the order of 100 Btu/hr-ft 2 would produce an error of 10 Btu/hr-ft 2, which could

be significant in predicting the satellite temperature level. As with percentage

difference, the largest differences in magnitude occurred in the Mars 100-km cases.

An addition to these differences, which were discussed above, there is some disagree-

ment in the Venus albedo fluxes. The incident albedo flux on a "vertical" surface above

the subsolar point can be computed from an exact equation.

At 100 km above Venus, the exact equation gives 241.5 Btu/hr-ft 2 incident upon surface

1 (the vertical surface); the incident flux by the hand calculation technique is 270 Btu/

hr-ft2; and the computed incident flux is 246 Btu/hr-ft 2. This would indicate that the

difference between computed and hand-calculated albedo fluxes for Venus is due pri-

marily to errors in the hand-calculation procedure rather than in the computation for

the parametric study•
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Section 5

RELATED LMSC EXPERIENCE ANrD RECOMMENDATIONS FOR FUTURE STUDY

5.1 COMPUTER PROGRAMS

The solution of satellite and spacecraft temperature control problems includes the

development of specialized computer programs for performing the complex mathemati-

cal analyses involved. These programs may be grouped into three broad categories:

1. Heat flux programs for determining the solar, albedo, and planetary fluxes

incident upon the satellite

2. Radiant interchange programs for computing view factors and radiation constants

3. Thermal analyzer programs for computing the satellite temperature history

4,

--4

A number of programs have been developed at LMSC to solve specific problems in each

of these broad categories.

In the category of heat flux programs, the Generalized Heat Flux Program represents

an integration of a long series of programs designed for the solution of both general and

specific problems. Among the problems resolved through the development of previous

specific computer programs are:

1. Determination of the fluxes incident on a medium life spin-stabilized satellite

in an elliptical orbit about the earth. In this, it wa_ first necessary to deter-

mine the location and orientation of the satellite up to six months after launch,

considering the rotation and precession of the satellite orbit and the apparent

motion of the sun, and then todetermine the heat fluxes, averaged over one

spin cycle, for the life of the satellite. The problem was resolved through

development of a computer program that uses the satellite orbit dynamics

equations and solar ephemeric data to determine the location and orientation

of the satellite, and a version of the method of view factors (also used in the

Generalized Heat Flux Program) to obtain the solar, albedo0 and planetary

fluxes on the satellite,
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o Determination of the effect of cloud cover, monthly variations in cloud cover,

/and lunar radiation on a satellite in an elliptical orbit about earth. Available

data on the monthly variations in cloud cover and its effect on the earth's

albedo and effective surface temperature, and data on the lunar albedo and

surface temperature were combined in a computer program that computes the

resultant variation in heat fluxes.

Radiant interchange programs are of high importance in thermodynamic analysis,

because of the important role of radiation in the satellite heat balance, and because of

the mathematically difficult relationships that exist between radiating surfaces. Two

kinds of programs are required in this category; view factor programs for computing

the geometric view factors between surfaces, especially in complex geometries where

the view factors are reduced by shielding from other surfaces; and radiation-constant

programs which solve the equations of Poljack, Hottel, or Gebhart to obtain the net

radiation interchange between surfaces. Advanced versions of both kinds of programs

have been incorporated in the Generalized Heat Flux Program.

The whole purpose of the preceding two categories of programs is to provide inputs

to thermal-analyzer programs which compute the actual temperature history of the

satellite. Thermal-analyzer programs, based on the solution of an R-C electrical

network analogous to the heat transfer network have been under continual development

at LMSC for several years. These programs in addition to solving the basic R-C

network, contain a wide variety of functions for computation of special mathematical

and thermodynamic relationships.

At the initiation of the Heat Flux Study, a large number of programs were available

for solution of specific heat flux and radiant interchange problems. However, there

was not, at that time, a program of sufficient generality to provide the thermodynamics

analyst with a simple tool capable of solving the entire heat flux radiant interchange

problem. It was necessary for the analyst to select the computer program that could

best solve the most important aspects of his problem, accepting the fact that less

important aspects would be ignored. The Generalized Heat Flux Program represents
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a major step toward the development of this much needed general program. There

remain, however, a number of problems that the Generalized Heat Flux Program is

not capable of handling. As a logical extension of the Heat Flux Study, the following

areas for future study are recommended. Incorporation of these proposed developments

into the Generalized Heat Flux Program would go a long way toward achievement of a

true general heat flux radiant interchange program.

5.2 EXTENSIONS OF THE GENERALIZED HEAT FLUX PROGRAMS

The versatility of the present heat flux programs could be extended to solve one or

more of the following problems that will occur during a satellite's travel around the

Earth or other planets and during the satellite's interplanetary travel.

5.2.1 The Calculation of Incident and Absorbed Heat Fluxes on a Satellite that is

Neither Planet Nor Space Oriented

This mode of orientation is often referred to as a deactivated or a tumbling orientation

in which the satellite has a constant pitch, yaw, or roll rate as it moves around the

planet. These rates would be part of the input data for this mode of flight. The sug-

gested definitions of these rates would be as follows:

• Yaw rate, A¢/At, the rate of change of the yaw angle with orbit time or position,

where ¢ is the angle the X" Y" axis is rotated about the Z" axis.

• Pitch rate, A_I,/At, the rate of change of the pitch angle with orbit time or posi-

tion, where ,I, is the angle the X Z" axis are rotated about the Y axis.
P P

NOTE

An alternate method of defining pitch is: the angle between the

projection of the X axis on the orbit plane and the X" axis.

• Roll rate, Aw/At, the rate of change of the roll angle with orbit time or orbit

position, where w is the angle the Yp Z c axis is rotated about the X axis.
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The pitch, yaw, and roll angles are shown in Fig. 5-1 where the Orbit Plane Coordinate

System (X", Y", Z") is taken for the planet-oriented coordinate system shown in Fig.

B-4. The X, Y, Z system is the Central Coordinate System of the satellite. The hori-

zontal plane is perpendicular to the planet radius vector.

X

R

Z Zc

Xp

Y/

=_ y"
/"

/
/

/ Horizontal Plane

YPT

Satellite Velocity Vector Relative to the Planet

Yp

Fig. 5-1 Yaw, Pitch, and Roll Rates
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5.2.2 The Calculation of Incident and Absorbed Solar Heat Flux on a Spacecraft in a

Transfer Orbit Between Planets

This computer program would be used to determine the solar radiation on a satellite

that is unaffected by the planets in our solar system. The satellite is assumed to be

in an orbit around the sun or in a trajectory between the planets. Perihelion and

aphelion could be input to the program so that a portion of this ellipse could be con-

sidered as the path of the spacecraft during "free-flight". Alternately, the exact

equations of the trajectory could be programmed; the program will then calculate the

distance to the sun, and the spacecraft orientation with respect to the sun for use in

further calculations.

With the elliptical orbit approach, the spacecraft could be sun oriented, space oriented

(such as the First Point in Aries), or possibly earth oriented. Perihelion and aphelion

could be changed at a point in the transfer orbit to account for the added trajectory cor-

rection velocity. Also, during this correction maneuver, heat fluxes can be calculated

for the reoriented spacecraft.

5.2.3 The Calculation of Incident and Absorbed Heat Fluxes on Cylinders, Cones, and

Spheres as Surface Geometric Configurations

The present generalized heat flux computer program has the capability to analyze shad-

ing of surfaces described by rectangles, disks, and triangles. However, equations that

describe a cylinder, a cone, a sphere, or any part of these geometric configurations,

can be written and solved. These new geometric configurations will also utilize the

shading check routine. They will be input to the computer, and output in a manner

similar to the present handling of rectangles, disks, and triangles.

5.2.4 The Calculation of the Averaged Incident and Absorbed Heat Fluxes on a Shaded

Spinning Satellite in an Orbit About a Planet

This can be accomplished by assuming that the spinning surface approximates a sphere,

cylinder, or a cone. However, this approximation becomes quite gross when a spinning

cube or a tetrahedron is considered, especially when the surfaces are shaded.
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The actual heat fluxes would be more accurately calculated by using the actual surface

configurations -for example, flat plates and the shading surfaces in a specific position,

and then calculate the heat fluxes. Subsequently, the surfaces are rotated through a

specified angle about the spin axis and the heat fluxes are recalculated. This rotation

_-_ _ .....i_,,I_4........la on_t_n,,_en_ fh_ _nCJro 2_n ° abnut the spin axis of the satellite.

Then the sum of the fluxes would be averaged for the surfaces.

Average heat fluxes can be used when the rotation rate of the spinning vehicle and the

thermal capacity of the vehicle skin are such that the actual skin temperature variation

throughout one revolution is small. For example, studies have indicated that in an

Earth orbit, 1 rpm may give a temperature variation of 5° F on solar cells during one

revolution.

5.2.5 Provision for Non-Cosine Distribution of Planet Surface Temperature on the

Illuminated Side

The planet surface temperature on the illuminated side does not necessarily vary as the

cosine of the angular distance from the subsolar point. Provision can be made to use

equations, such as a power series, to describe the angular temperature distribution.

Description of the temperature distribution in tabular form is also possible, .but does

not utilize the computer program as efficiently as would be done by using an equation.

5.3 METHODS OF CALCULATING RADIATION HEAT TRANSFER VARIABLES

5.3.1 Radiation Interchange Factors

The Generalized Heat Flux Program supplies heat fluxes to the exterior surfaces of

the satellite. During the performance of the thermal analyses of a spacecraft, however,

the thermal radiation between groups of internal equipment must generally also be

determined. This entails the determination of the radiation interchange factor between

each pair of surfaces. These radiant interchange factors are calculated from the matrix

form of the radiant interchange equations which use the surface areas, emissivities,

and geometric view factors.
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The suggested computer program would be an extension of existing programs in use at

LMSC and would handle up to 100 different surfaces in an enclosure. The surface

geometric configurations would be the rectangle, disk, triangle, cylinder, cone, or

sphere with provisions for the partial or total blockage of the geometric view factor

between two surfaces by an intervening surface. This is the method used in the present

heat flux program. The uuLput ....... coasist o_ umuu,a_u _u_ _, _,_ FA matrlx,- J- _ WUULLI _e _ .1_ I_L_J ..... t ........ J._._ -

the FA matrix and the RADK factor, which is G FA. Punched card output for ready use

in a thermal analyzer in any desired format can be provided.

5.3.2 Mathematical Approach

A study of mathematical methods to analyze highly specular exterior satellite surfaces

is suggested. This is a necessary area of study for more accurate predictions of

satellite temperature and its control for highly reflective surfaces such as gold or

aluminum. It is known that these surfaces reflect incident radiative energy in a

specular manner rather than diffusely as is assumed in the generalized heat flux pro-

gram equations. The logical initiation of the mathematical approach would be the

analysis of radiation from the sun, which approaches a point source, and its specular

reflections from the primary surface to one or two secondary satellite surfaces.

Methods of attack for more complex arrangements would be evaluated as part of such

a study.
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Appendix A

PROGRAM EOUATIONS

A. 1 THE SATELLITE ORBIT EQUATIONS

The calculations for these equations were performed prior to the calculation of the

geometric view factors and heat fluxes outlined in subsection A. 2.

A. 1.1 Beta and Alpha(s) angles

The calculated Beta and Alpha(s) angles _ and as) for the satellite orbit plane relative

to the sun are as shown in Figs. A-1 and A-2.

A. 1.2 Orientation of Planet and Sun Relative to the Central Coordinate System (X,Y, Z)

The Orbit Plane Coordinate System (X", Y'" Z") is shown in Fig. A-3 for a space-

oriented satellite and in Fig. A-4 for a planet-oriented satellite. To rotate to the X"o

Y", Z" coordinate system to the X , Y , Z coordinate system, the R matrix is

defined in terms of the initial phi, psi, and omega ( ¢I ' _bI ' wI) as follows:

i

R(1,1) = cos _I

R(1,2) = -sinw I

R(1,3) = -cosbi

R(2,1) = -cos_i

R(2,2) = sinai

R(2,3) = cos wI

R(3,1) = sin_I

cos ¢I

sin ¢I cos _bI + cos _I sin. _I

sin ¢I cos ¢I - sin w I sin _I

sin ¢I

sin ¢I sin _I + cos w I

sin _I sin _I - sin w1

cos ¢I

cos _I
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Fig. A-3

Space-Oriented Satellite
Fig. A-4

Planet-Oriented Satellite

These values are used to locate }z

i the Zp axis and the Zs axis:

_T = _+Aft '

! _T --" _ +.tan-1 Ic°sitan (Oi +

/ o =_,o-'I_,o,-,,°(o,+o_)1
S

I
Fig. A-5 Space-Oriented Orbit Plane DeVil
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R(3,2) = sin _I

R(3,3) = cos wI

cos ¢I

cos ¢I

xl {i}y"] = [R} -1
Z"J

However, it is first necessary to define the +Z axis of the sun and the planet in terms

of the X" , Y" , Z" axis depending on the orientation of the satellite.

Planet-oriented satellite. The + Z axis is defined as follows:

Z
s

Z
P

.th
= ÷Z axis of the sun for the I satellite position

.th
= +Z axis of the planet for the 1 satellite position

0 T = a s + 0.1 (see Fig. A-2)

z:, cos cos
Or, in terms of the X-, Y., Z

Z
S

coordinate system,

Also,

f q cos ,,x 
I:(2,1) sinfl R(2,2) sinfl R(2,3) sinfl //_/

(3 ,1) cos 0T cos fi R(3 ,2) cos 0 T cosfi R(3,3) cos e T cos _]LZJ

Z

P [R(1,3) R(2 ,3)R(3 ,3)][i ]
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Space-oriented satellite. The +Z axis is defined as follows:

[Zp sin

rX"

- sin 9 T cos _ cos a cos fiT] IY'']

LZ"J

Z
S

Or, in terms of the X , Y , Z coordinate system,

Z
P

i(1.1) sina R(1.2) sina : R(1,3)sin_
- (2 ,1) sin _T cos _ - R(2 ,2) sin _T cos _ - R(2,3) sin f_T cos a

(3,1) cos acos _2T R(3,2) cos acos fiT R(3 ,3)cos acos _2T

Z
S

(3,1) cos 5 R(3 ,2) cos 5 R(3 ,3) cos

]

l

-¢

4_

A. 1.3 Geocentric Angles of Shadow Points

As shown in Fig. A-6, a shadow point occurs when cos _1 + cos Z 1 = 0 . These/wo

unknown angles are found by an iterative process in'the SHADOW subroutine.

From spherical trigonometry and identities, the following equation is developed and

solved to determine the shadow points:

SZ = cos(Z) = cos/3 cos0

90 ° < Z 1 < 270 °
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RP

I_AD

P

= satellitealtitudeat perigee

= radius ofsatellite(planetradius + altitude)
at any point in the satelliteorbit

= planet radius

Satellite
/ _"_ _t., _ + "II'11_ _ _

I,JL *J_i, JL JLa.LA_

01

RA - Planet's center

_S, sun

Fig. A-6 Shadow Point

Satellite

Orbi_ Plane
--RP

Periapsis

_S S, sun

. . . Fig. A-7 Geocentric Angles
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Therefore,

cos Z = -sin(Z - 90 °) = -sina

or the desired result becomes

cos al + cos Z 1 = 0 _ -sin (_1 + sin a 1 = 0

From Fig. A-7, sin a = K/RAD = EN

EN = 1.0 -

From the true eliptical equations, this can be written as

/
EN =  ]1.0 -

whereR1 = RP+ P

E = orbit eccentricity

A. 1.4 The True Eliptical Orbit Equations

+E) J

The following true eliptical equations refer to Fig, A-8 and are used to calculated the

shadow points (subsection A. 1.3), the orbit period, eccentricity, and orbit time from

periapsis:

Semimajor axis, radius, A = RA + RP + 2 Ro/2

Eccentricity, E = RA - RP/2A

Orbit period, P = 2_r _A3/R_ G O

Radius vector, R = A(I - E2)/[I + (E) cos e]

Eccentric anomaly, EG = c0s-l(A - R/AE)
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i

R
o

ltA

RP

Time from periapsis, T = P/2_ [EG - (E)s in EG]

Altitude of satellite, H = R - R
o

= planet radius

= altitude at apoapsis

= altitude at periapsis

The true elliptical equations assume that:

1.

2.

3.

The planet is spherical.

There is no atmospheric drag.

The gravitational constant of the planet is go ' is located at the center of

planet, and is the only g acting on the satellite:

A. 1.5 Planet View Factor Error

This routine is calculated in the VIEW subroutine to determine the number of elements

that each planet node is to be divided into. "Elements" and "nodes" are defined in

Appendix A, subsection A. 2. The view factor accuracy of the finite difference approxi-

mation used in this computer program is a function of the satellite altitude and the

number of elements that each of the 36 planet nodes are divided into. A large number

of elements for each node would give a high degree of view factor accuracy for most

altitudes, but the required computer run time would be correspondingly high to cal-

culate the view factor for each of these elements.

Therefore, this routine uses the altitude of the satellite at the ith pointin orbit and

the desired accuracy of the view factor input by the program user to calculate the

number of elements that each planet node is to be divided into.

A-8
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Fig. A-8 True Elliptical Orbit
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Fig. A-9 Planet View Factor
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The integrated view factor of a unit area flat plate facing the planet (Fig. A-9) is

// p2•
= _1 cos _,cos _ dA dA - )2FI-p A1 rrr2 1 p (H + P

A 1 Ap

If this equation is approached by the finite difference method, the following equation

results

0,co  ,/]F' l_p = 2_ 2 p2sin_i Aft

i=l _ ri

whe re

AAp = 27rP 2 sin fli (Ajg)

NBT = (Nfl)(NVfl) = Nfl x 3

NZ

NV_

v.2
I

= number of elements in each node in the fl direction

= number of nodes in the fl direction (defined as 3 for the planet)

• p2(H+p)2+ - 2 (H + P) (P) cos.ill

N_ continues to increase until

ERR > % error

where:

error

ERR

[F1._p - Fl_pI
= 100

F1- P

= percentage error input by the program user

A-IO
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Subsection D.. 2 of Appendix D contains graphs of the number of Nfl's that this routine

will divide each planet node into for various altitudes.

A. 2 THE HEAT FLUX CALCULATIONS

This subsection provides a summary of the basic mathematical equations and assump-
.th

tions used for every 1 position of the satellite in orbit to calculate the heat flux at

that time. In general, the equations are presented in the same order in which they appca_

in the Main Program and the subroutines.

The succeeding subsection, A. 2.1, Input Quantities, refers to the quantities used in

the computing process and not the quantities input by the program user.

A. 2.1 Input Quantities

Input consists of a description of the dimensions, location, orientation,and surface

properties of each heat transfer surface; the number and distributionof heat transfer

nodes on each surface; and the number and distribution of finitedifference elements

on each node. (A surface here is defined as a geometrical figure such as a rectangle,

disk, trapezoid, or sphere or a portion of such a figure. A node is the portion of a

surface that is assumed to react as a unit in heat transfer calculations. An element is

the portion of a node that is taken as a unit in the finitedifference view factor

calculation.)

Surface dimensions. Each surface is input in terms of its own coordinate system

(indicated by a prime). The following dimensions are input (see Fig. A-10):

ILK = surface type

Ot

*1 - reactangle
_2 - disk

=e3 - trapezoid
_6 - sphere

Positive values indicate the direction

of the surface normal to the direction

of the +1' axis, negative values in the
direction of the -1' axis

= distance (or.angle) • from origin or principal axis

.

A-II
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/3min

Train

flmax

"Ymax

= minimum distance (or angle) in fl direction

= min2mum distance (or angle) in _/ direction

= maximum distance (or angle) in fl direction

= maximum distance (or angle) in y direction

Surface location and orientation. The location and orientation of each surface coordi-

nate system (3', 2', 1' ) are specified in terms of a central coordinate system (3, 2,

1). The following quantities are required {see Fig. A-11):

R1 = distance from origin of central coordinates to origin of primed coordinates

in direction of +1 axis

R2 = same distance in direction of +2 axis

R3 = same distance in direction of +3 axis

= yaw angle {the angle the 3 2 axes are rotated about the 1 axis, positive in

the clockwise direction when viewed from the +1 axis)

= pitch angle (the angle the.3p 1 axes are rotated about the 2p axis, positive

in the clockwise direction when viewed from the 2p axis)

w = roll angle (the angle the 2p lc axes are rotated about the 3' axis, positive

in the counterclockwise direction when viewed from the +3' axis)

Node specification.

NV_/(see Fig. A-12), where

NVfl = number of nodes in /3 direction

NV_/ = number of nodes in 7 direction

Each surface may be divided into nodes by specifying NV_ and

,11

!
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/

2

I !

2' R3

/ /

I 3'

3

(a) Location: RI, R2, R3

I !

1

1c

3' •• 2'

2

3p

Co) Orientation: _b, _b , w

Fig. A-11 Surface Location and Orientation
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o-

rain

ymin

width of node in ]9 direction

width of node in _/ direction

= (_m ax - ]gmin)/N'V_

= (Tmax - _,min)/NV 7

ab -" width of element in /_ direction = b/N_

dg - width of element in -/ direction = g [ N_/

_°

NV]3 =4

NV_, = 3

N/) =6

N_ = 8

NV]3 x NV'y = number of nodes/surface = 12

N]9 x N_/ = number of elementz/node = .48

(N_ × N7) x (NV/9 × NVT) = number of elements/surface ---

Fig. A-12 Node and Element Distribution

.576

L
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Element specification. The nodes of a surface are divided into elements for the finite

difference view factor calculationby specifying Nfl and NT (see Fig. A-12), where

Nfl = number of elements in fl direction

N? = number of elements in _/ direction

The division intoelements applies to every node of the surface.

Surface properties.

satellite surface:

The radiation properties as ' _a ' and • are specified for each

a s = solar absorptivity

aa = albedo absorptivity

• = infrared emissivity = infrared absorptivity

This method of dividing all surfaces into nodes and elements includes the sun and the

planet surfaces. The sun is considered as a disk of one node and one element. The

planet is considered as 36 nodes, 12 in the _ direction and 3 in the fl direction. Each

of these planet nodes has one element in the _ direction buta variable number of ele-

ments in the fl direction as calculated by a routine in VIEW, as explained in Appendix

A, subsection A. 1.4. The solar and planet surfaces are considered as black bodies.

A. 2.2 Position and Area Vectors

The first step of the computation is to obtain the position (POS) and area (ARA) vectors

for each element. Vectors are defined as follows:

POS (N, 1)

POS(N ,2)

POS(N ,3) =

ARA(N ,I) =

ARA(N ,2) =

ARA(N ,3) =

= 1-axis component of position vector of Nth element

= 2-axis component of position vector of Nth element

3-axis component of position vector of Nth element

1-axis component of area vector of Nth element

2-axis component of area vector of Nth element

3-axis component of area vector of Nth element

A-16
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°

. °

The values of POS (N ,M) and ARA (N ,M) are computed from the following:

POS (N ,1) = P(3°,3)×B1 + P(3,2)×B2 + P(3,1)×B3 + R1

POS (N,2) = P(

POS (N,3) = P(

ARA(N,I) = P(

ARA(N,2) = P(

ARA(N,3) = P(

2,3)×B1 + P(2,2)xB2 + P(2,1)×B3 + R2
S

1,3)xB1 + P(1,2)×B2 + P(1,1)xB3 + R3
S

3,3)xGi + P(3,2)xG2 + P(3,1)xG3

2,3)_.G1 + P(2,2)×G2 + P(2,1)xG3

1,3)×G1 + P(1,2)xG2 + P(1,1)xG3

where P(I ,J) is defined as the matrix rotation of the 3, 2, 1 coordinate system to

the 3', 2', 1' coordinate system in Fig. A- ll(b).

= {P]

P(1,1) = cos _s × cos ¢Ps

P(2,1) = cOSCs × sin _0s

P(3,1) = sin_b s

P(1,2) cos ws ×sin ¢s - sin ws× cos _s

, = ×cos - sinw xsin _sP ( 2 2) cos _s _s s

, X COS (PSP(3 2) = sin Ws

, = xsin_s - cos _ xsin_sP( 1 3) -sin ¢_s s

, x COS _PS × COS _o x sin _sP(2 3) = sinw s s

, = × COS _SP(3 3) cos ws

cos _s

xsin _s

°

~.

|

where B1, B2, B3, G1, G2, G3

ILK = _1 (Rectangle)

B1 _
S

B2 - _s

B3 ffi TS

are defined as follows for the various surface types:

G1 = _lbxdg

G2 =O

G3 = 0

A-17
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ILK = ±1 (Disk)

B1 = ix
S

B2 - (_s x cos V

B3 = fl×sin T

ILK = +3 (Trapezoid)

B1 =_
S

B2 = B

B3 = B×tanT

2
G1 = -_b × cos

G2 = 0

G3 --0

ILK = +6 (Sphere)

B1 = c_ ×cosfl
S

B2 = _ ×sinfl ×cost
S

B3 = _ xsinfl ×sinT
S

T×fl ×dg +dg 2xfl×sin 2

G1 = _db×dg×fl/cos 2-

G2 = 0

G3 = 0

T

G1 = _Ib×dg×c_ 2×sinfl Xcos

G2 = +db×dgxff_ ×sin 2fl Xcos 3/
S

G3 = :k-dbx dgx c_2 × sin2 B x sin T
S

T

and where

#

T

= distance (or angle) to center of element in fl direction

= distance (or angle) to center of element in T direction

db = width of element in fl dimension

dg = width of element in T direction

R1 s = R1 value of surface to which Nth element belongs

R2 s = R2 value of surface to which Nth element belongs

R3 s = R3 value of surface to which Nth .element belongs

_os = _0 value of surface to which Nth element belongs

_s = _b value of surface to which Nth element belongs

w s = w value of surface to which Nth elemerit belongs

= _ value of surface to which Nth element belongs
s
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A. 2.3 View Factor Computation

The view factors between each pair of nodes are found by a finite difference approxi-

mation. (Actually, the product of area times view factor, FA , is computed.)

o

Let 21 = position vector of the ith

P--2 = position vector of the jth

P12:=P2 - Pl

.th
A1 = area vector of the I

_A2 = area vector of the jth

element on Node 1 (POS vector)

element on "/ode 2 (POS vector)

element on Node 1 (ARA vector)

element on Node 2 (ARA vector)

Then

(FA)I-2 _ _ XYZ (AI" -PI2){-A2 " -p12)= (_)
elements elements 7r(P12 -P12 )2

of Node 1 of Node 2

where

X

Y

Z

= lif A 1- -P12 >0

off A 1- P12<-0

= 1if _A2._P12 <°

o Az. Px2

= 1 if the two elements "see" each other clearly

0 if a third surface intervenes between the two elements

Shading check (Z = 0 or 1). Shading check routines have been worked out for the
i

generalized heat flux program where the third, possibly intervening, surface is either

a rectangle, disk, or trapezoid.
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In addition to the definitionabove let:

P1 = position vector of Lth element in the third surface

A 1 = area vector of L th element in the third surface

P. = position vector of jth element in Node 2
-1

P. = position vector of Ith element in Node 1
--1

P = position vector of intersection point of third plane surface and of the-p
line between the I th and jth element

• Combining the equation of the line

and the equation of the plane

P =P.+ . -p.)-p -j "(-Pi -j

at the point of intersection, Pp

-Al (-Pp- -P1)= 0

gives the parameter r

= AI" (Pl--Pj)

- P-)-j

with the restrictions that, if _AI • (-Pl - -Pj ) = 0 or if A 1 • (-Pi - P" ) = 0, no inter--j
section point is possible, ( Z = 0) and that the intersection point be between the Ith

and jth element, that is,A >0 so that K = I, where

If the point Pp lies within the boundary of the third surface, then elements I and J

cannut "see" each other (Z = 0). If it lies outside this boundary, then the elements

can "see" each other (Z = 1) .
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The location of"P is tested as shown in Table A-1 for the three geometric surfaces,
-p

where P = PX+PY +PZ -in the (3' 2' 1') system.

A. 2.4 Planetary Emissive Power

The planet surface temperature is assumed to _".... "_'_+-;_"'+;"- ,t... 1;_t.+ll_LVt_ a cosine ulot.L ladut_.t_iL on t.Lx_., AZSUL.

side from Tss at the subsolar point to TDS at the terminator, and to be uniform at

TDS on the dark side.

The visible portion of the planet surface is divided into 36 nodes. The mean emissive

power of each-node is

where

• G

W I

01

WI = a [TDs + cos OI(Tss - TDS)] 4

= Stephan-Boltzmarm constant

= emissive power of Ith planet node

= angle between surface normal of I th planet node and planet sun line

The angle 01 varies over the node, so a mean value of cos 81 , as calculated in the

OMEGA subromtne is used, as follows:

cos 81 x AN

where

_AN

-PN

= area vector of the N th element of Node I

= posiUon of vector of Nth element of Node I

= position vector of sun :
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A I

Rps

X

- area of Node I

- distance from planet to sun

-- 1 if AN, (P--S- P-N) > 0

0 if AN, (P-s - P-N ) -< 0

An effective planetary emissive power, Wp , is now defined as

Planet
Node

AI W:/Ap (5)

where Ap equals the total planet surface area.

A: 2.5 Incident Fluxes

The direct incident fluxes may now be formed.

The incident solar flux to radiator surface J is

.°

qsI(J ) \AjI
(6)

The incident albedo flux to radiator surface J is

e_

• FA S

qRI(J) = Pla_net ( _ii -I'_"AI-a-_-A'_-a- 7PI WS

Nodes

(7)

1.
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The incident planetary flux to radiator surface J is

qPI(J)
_.FAI_ J_

Planet
Nodes

(8)

where.

Aj = area of jth radiator surface

A I = area of I th planet node

FAs_ J = area × view factor, sun to jth radiator surface

FAs_ I = area × view factor, sun to I th planet node

FAI_ J = area × view factor, I th planet node to jth radiator surface
4

W S = emissive power Of sun = a[Tsun]

W I = emissive power of I th planet node

PI = planet albedo

A. 2.6 Radiation Constants

Effective planetary and albedo view factors. The planetary flux incident of the jth

radiator surface is computed above to be

qpI(j) = Planet:/-F AAI_:J-/ WI

•Nodes

This is equivalent mathematically to the incident flux from a body of emissive power

Wp - as defined in Eq. (5) above - radiating to the surface with a view factor of

q

FAp j = PI(J) (9)
- Wp
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t

_t

Similarly, the albedo flux can be expressed as the flux from a body of emissive power

W S (solar emissive power) radiated toward the surface with a view factor of

FA R-J = WS (10)

Thus, the fluxes on the radiator surfaces can be separated into three in_der__ndent

components:

e Solar:
the flux from a body of emissive power WS radiating to each surface

with a view factor FAs_ J

Albedo: the flux from a body of emissive power WS radiating to each surface

with a view factor FAR_ J (the fact that this flux originated in the sun is irrel-

evant mathematically; we are concerned only with what happens after it leaves

the planet)

Planetary: the flux from a body of emissive power Wp radiating to each sur-

face with a view factor FAp_j (the fact that the temperature of the planet is

nonuniform is irrelevant; we are concerned only with the total amount of flux

received from the planet)

i

!

l

w

m

l

Radiation constant equations. It is convenient to start with Hottel's equations as pre-

sented in MeAdams,Heat Transmission, 3rd ed., Eqs. 4 through 25. These equations

may be rewritten in more general form as

AIFII

A\ N( K #I )

(jR I) + _ AKFKI(jR K) = _ ejAjFjI

K=I

(11)

But,from Eq. 4-23a of the same reference,

PI

AI(jR I) ffi _IG_I (12)
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where GjI is the radiation Constant between J and

1 - PiFii

¢I

N( _#I ) PKFK I

K=I

This equation may be •written in matrix form as

I . Therefore,

/

; i= 1, N j=I,N

i
l

1 -PlFll P2F21 PNFN1
• e °

el ¢2 EN

PlF12 1 - P2F22 _
eee

el e2 _N

eeo

PlF1N P2F2N 1 - PNFNN

e I E N e N

GII

× GI2

OiS

G21 .-- GN1

G22 ... GN2

e oB

G2N --- GNN

elAIFII _2A2F21 -.. _NANFNI

_ IAIFI2 e2A2F22 •.. ENANFN2

elAIFIN e2A2F2N .-- eNANFNN

(14)

This eqh,_ti0n may be solved for the Gij's by matrix inversion and multiplication. The

quantity GIj. in the radiation constant between Node I and Node J, •represents the portion

of the flux emitted from Node I that is absorbed by Node J, including all reflections from

other surfaces. Because of the symmetry of the FA's , GIj is also the portion of the

flux from Node J that is absorbed by Node I.
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Applying this general equation to the three types of flux, we have for M radiator sur-

faces and 1 external surface the following matrices for solar, albedo, and planetary fluxes:

• Solar (aj = solar absorptivity of surface J)

rl+ (a I- i)FII a M- i a S- 1

al """ aM FMI aS FSI

a 1- 1 1 +(a M- 1)FMM aS- 1

C_l F1M """ aM a----_ FSM

a 1- 1 c_M- 1 1+ (a s- 1)Fss

a I FIS """ a M FMS a
S

X

GII ... GMI GSI

ooo

GIM -.- GMMGSM

GIS ..- GMS GSS

alA1Fll

= alAIFIM

alA1F1s

•.. _MAMFMI

eeo

.... aMAMFMM

• .. aMAMFMs

asAsFsI

_sAsFsN

asAsFss

(15a)
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• Albedo (flj = Albedo absorptivity of surface J)

1 + (/]1- 1)Fll

tiM- 1

tim FM1

(/31 - I) 1 + (tiM - I)FMM

fll FIM "'" tiM

fiR - 1

fir FRI

fiR- 1

fiR
FRM

1

X

fll - 1 tiM - 1

fll FIR "'" tiM FMR

P

Gll --- GM1 GR1

GIM-.- GMM GRM

GIR ... GMR GRR

t + (fiR - 1)FRR

f12

rfl 1AIF11 ... flMAMFMI flRARFR1

• eee

fllA1F1M ... flMAMFMM flRARFRM

fllAIFIR ... flMAMFMR flRARFRR

(15b)
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Planetary: (Ej = planetary absorptivity of surface J)

I + (E1 - I)FII

El

CM- I Ep - 1

EM FMI Ep

eoo

I+(E M- I)FMM Ep- 1

EM Ep

Fpl

FpM

('i-I

E1
-- FIp

EM - 1

_M
FMp

1 + (Ep - l}Fpp

_p

×

GI1 --- GMI GpI

...

GIM ..- GMM GpM

Gip ... GMp Gpp

-EIAIFII ... _MAMFMI epApFpl

EIAIFIM-.- _MAMFMM _pApFpM

_IAIFIp ... EMAMFMp EpApFpp

T

(15c)

Combination of solar and albedo equations. As pointed out above, we can mathematically

treat the solar and albedo fluxes as arising from two unrelated independent sources. If

two further assumptions are made, it will be possible to combine the solar and albedo

equations into a single equation. These two assumptions are:

• The absorptivity of each surface is the same for solar and albedo radiation;

i.e., ]3j = aj for all surfaces.

• .

.-

i
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The presence of the satellite has no effect on the planet and sun. In particular,

it is assumed that the solar flux reflected from the satellite onto the planet and

the albedo flux reflected from the satellite onto the sun are both negligible.

With this assumption, the assumption that the planet and sun can be treated

as independent sources still holds.

The resulting combined equation is

-1 +(a 1- 1)Fll a M- 1

a I •.. a M FMI

aR - 1 aS - 1
F

aR R1 aS

a I - 1

a I FIM

a 1 - 1

a 1 F1R

a I - 1

a I FIS

l+(a M-1)FMM a R-1 a S- 1

aM a R FRM a S

a M- 1 1 +(a R- 1)FRR

a M FMR a R

a M - 1 1 + (a S -

aM FMS 0 aS

X

GIM •..

GIR •..

Gls • ..

GM1 GR1 GS1

eoe

GMM GRM GSM

GMR GRR GSR

GMS GRS GSS

c_IAIFII ...

alAIFIM ...

alAIFIR ...

alAIFIs ...

FSI

FSM

0

1 )Fss

aMAMFMI C_RARFRI asAsFsI

.e e

aMAMFRM aRARFRM asAsFsM

aMAMFMR aRARFRR 0

CrMAMFMs 0 asAsFss

(16)

NOTE: The solar and albedo fluxes were combined for Phase I of the Heat Flux Study

(see Section 4, Parametric Study)but were not combined in the Generalized Heat Flux

Computer Program.
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The radiation constant between the sun and radiator surface J (Gsj) includes the flux

coming directly from the sun to the satellite plus the negligibly small amount that

reflects f_om the satellite to the planet and then back to the satellite. It does not in-

clude any flux reflected from the planet because in this mathematical model we have

set the view factor from the sun to the planet ( FSR ) equal to zero. Similarly, the

radiation constant between the planet and radiator surface J (GRj) includes only the

albedo flux from the planet to the satellite arising from the FRK terms plus a neg-

ligibly small amount reflected from the satellite to the sun and then back to the satellite.

A.2.7 Absorbed Fluxes

-7

° .

l,

t

I

The equations for fluxes absorbed by the radiator surfaces are as follows:

• Solar flux absorbed by surface J

GSj

qSA(J) = _ ×W S

• Albedo flux absorbed by surface J

GRj

• Planetary flux absorbed by surface J

Gpj x

qpA(a } = A'-7 Wa

NOTE: The above absorbed fluxes are on a per unit basis upon which the Phase I study

was conducted. However, the Generalized Heat Flux Computer Program calculates

these for the entire surface J, so that the following equations apply:

0 qSA(J) = GSj × Ws

• qRA(J) = GRj × Ws

• qPA(J) = Gpj xW S
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A. 3 DEFINITION OF SYMBOLS STORED IN COMMON LOCATION OF COMPUTER

PROGRAM

The values represented by these symbols are stored in COMMON for use by the-:,',ain

Program and the subroutines.

Symbol Code

DATA (J)

DATA (K)

J=l

J=2

J = 3toN

K=I

K=2

K=3

K=4

K=5

Explanation

Surface identification for the sun, the planet, and

each of thespace vehicle geometric surface

Configurations

The sun

The planet

The vehicle surfaces (N maximum is defined under

K = 5)

Location of parameters that describe each surface

(see Figs. A-10 through A-12)

The surface type (±1, _2, _3, _6), ILK

Number of A elements in the beta direction, Nfl

Number of A elements in the gamma direction, NO

Number of heat flux tables or the number of view factor

nodes in the beta direction, NVfl

Number of heat flux tables or. the number of view

factor nodes in the gamma direction, NVG

NOTE

Number of heat flux tables output or the number
of view factor nodes for each surface type, DATA

(J,1), is (NVG)(NVfl) = Tj., where the totalnum-
ber of heat flux tables or view factor nodes would

be T = J_N T. , and where the limits on T are
J=3 J

I<_T<_Z0

K = 6 _, the geometric constant

K = 7 Beta minimum, -flmin
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Symbol

Pos (J,K)

ARA (J,K)

FA (J,K)

Code

K=8

K=9

K=I0

K=II

K= 12

K= 13

K= 14

K= 15

.K=I6

J

K=I

K-2

K-3

J

K=I

K=2

K=3

.J=l

J = 2 to37

J = 38ton

Explanation

Gamma minimum, 7rain

Beta maximum, _max

Gamma maximum, 7max

R(1), translation in the 1 direction

R(2), translation in the 2 direction

R(3), translation in the 3 direction

_, yaw angle

_, pitch angle

c_, roll angle

Position vector of the center of each element from

the central coordinate system (includes the sun and

planet as well as all the vehicle surfaces)

Location of the identification number of the element

Z component of the position vector

Y component of the position vector

X component of the position vector

Area vector of jth element directed as defined by

the sign of DATA (J, i)

Location of the identification number of the element

Z component of the area vector

Y component of the area vector

X component of the area vector

View factor from node J to •node K times the area of

node J [according to the reciprocity theorem,

FA(J, K) = FA(K, J]

Sun node

Planet nodes

Vehicle nodes, where N maximum is 57
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Symbol

AREA (J)

COST (J)

AS

AA

P (I,J, K)

Code

J=l

J = 2to37

J = 38 to "N

J=l

J=2

J = 3to22

J = 3to22

J = 3 to 22

I=l

I=2

I = 3to22

Explanation

Area of the view factor nodes as described in

FA (J, K)

Sun node area

Planet node areas

Vehicle node areas

Mean cosine of the angle between each planet area

.normal and the planet-sun line

Zero

Solar absorptivity of each surface

Absorptivity of the planet (a s = 1 - albedo)

Absorptivity of each set of cards that describe

the vehicle surface

Albedo absorptivity of each surface

Absorptivities of the .vehicle surface

Planetshine absorptivity of each surface and the

emissivities of the vehicle surfaces

Values for the vehicle surfaces

Matrix for the rotation of the Ith surface con-

figuration to the central coordinate system by

means of _b, _, and w

Sun rotation

Planet rotation

Vehicle surfaces rotated

NOTE

This matrix is also used for the rotation of

all element area and position vectors

A3×3matrix, I = 22J and K
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Symbol

NS

SHD

NITE

IZ

IK

A

NV

NTN (J)

Code

SHD = + 1

SHD = 0 or -i

NITE =+i

NITE =0or-i

IZ=l

IZ=0

IK--+I

IK=0

J=l

ExPlanation

Number of surfaces that are input to describe a

geometric configuration plus 1 for the sun and

plus I for the planet

A flag to determine if the shading check routine is

to be used

Shading routine to be used

Shading routine not to be used

A flag to determine if the vehicle is in the planet

shadow

Vehicle in the shadow

Vehicle in the sunlight

A flag to determine if the present calculation is

the first one done by the machine

First calculation done by the machine

Second or later calculation done by the machine

A flag to indicate if vehicle is a planet-oriented

satellite in a circular orbit

Not a planet-oriented satellite in a circular orbit

A planet-oriented satellite in a circular orbit

Position vector as described in the prime coordi-

nate system for each NG x Nfl element

Number of view factor nodes used in the program;

can vary from NV = 38 (1 vehicle surface node) to

NV = 57 (20 vehicle surface nodes)

Total number of elements (N_ x NG) including those

of the. jth view factor node

Number of NG x N9 for the sun = 1
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Symbol

I_ A lr%

PI

DCR

RPLAN

IN (J)

TIME (J)

FXS (J, K)

FXA (J, K)

FXP (J, K)

KLUXS (J, K)

FLUXA (J, K)

Code

J=37

J = 38

J=l

Explanation

Number of NG × N_ for the sun and planet

Number of NG × N.G for the sun, the planet, and

the first vehicle surface

the vehicle at each point in orbit

Pi (_ = 3. 1415927)

_/180

Radius of the planet

A flagto indicate the Ith orbit point when the

satelliteenters the planet shadow (J = I) and the

Ith point when the satelliteleaves the planet

shadow (J = 2)

Orbit time that heat fluxes correspond to J = I

Firstkpoint in orbit

Direct solar incident flux per unit area on surface

J at orbit time K (plus direct albedo .flux per unit

area if the two fluxes are to be combined)

Direct albedo incident flux per unit area on surface

J at time K

Direct planetshine incident flux per unit area on

surface J at time K

Total absorbed solar flux for surface area J at

time K (plus total absorbed albedo flux for surface

area J at time K if the two fluxes are to be combined)

Total absorbed albedo flux for surface area J at

time K

.
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I

Symbol

FLUXP (J, K)

B(J. K)

WRIT (J, K)

ECC

PERIOD

NPO

NTABLE

SBC

TSUN

TSS

TDS

RADK (J, K)

Code

K=21

Explanation

Total absorbed planetshine for surface area J at

time K

The matrix that is to be inverted to obtain the

radiation constant matrix from the equation

[D] = [B]-Ic

The alphanumerical storage of the Hollerith written

on the jth set of cards to identify the J surface of

the table output

Eccentricity of the vehicle orbit

Orbit period

Number of points to be calculated in orbit (plus four

if the vehicle goes into and out of the planet's

shadow)

A flag to determine if the Heat Flux tables are to

be combined .... , i.e., NTABLE = lthen Solar and

Albedo Heat Fluxes will be combined NTABLE = 2

then the fluxes will be output as solar, albedo, and

planetshine

Stephan-Boltzman constant

Temperature of the sun

Temperature of the planet surface at the subsolar

point

Temperature of the planet surface on the dark side

The radiation constant between the satellite surfaces

and also between the satellite surfaces and space

(these values are aFj K Aj)

The outer space node (surfaces are numbered in the

order that they are input to the program)
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Symbol

THE

BETA

KAD

DSUN

Code

KAD = +1

KAD = -1

Explanation

The angle between the projection of the solar vector

on the orbit plane and the periapsis of the orbit plane

in the direction of satellite travel

The angle between the solar vector and its perpen-

dicular projection on the orbit plane

A flag to indicate the type of orbit

Heat rates for a partial orbit are to be calculated

Heat rates for a periodic orbit are to be calculated

Distance from the planet center to the sun

A. 4 FLOW DESCRIPTION OF THE MAIN PROGRAM AND SUBROUTINES OF THE
COMPUTER PROGRAM

This part of Appe.dix A explains the calculations made by the computer as it proceeds

through the program. The statement numbers refer to the Main Program or subroutine

under which they appear. Appendix E contains complete listings of all programs.

A. 4.1 Main Program

The Main Program reads in the input data, writes out the input data, and stores the

data to be used for a particular orbital case. It increments the satellite around the

prescribed orbit it has determined and calculates the orbit time corresponding to

each point in the orbit plane. The Main Program calls subroutines to calculate the

shadow points of the satellite orbit, the geometric view factors and the heat fluxes at

each point in orbit, and the written output of the heat flux tables.
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Statement
Number

15

20 - 30

30 - 40

40 - 44

44 - 49

49 - 51

51 - 52

52 - 57

57 - 71

72

80 - 85

Activity

Reads in the first card of every input block.

Completes the reading in of Block 1 and writes out Block 1.

The length measurement of the input variables are converted

and stored. The sun and planet data matrix variables are

assigned.

Completes the reading of Block 2 and writes out Block 2.

The length measurements of the input variables are con-

verted and stored. The fl and as angles are calculated

for the orbit.

Block 3 is written out. The matrix to rotate the orbit

plane coordinate system (X", Y", Z") to the central coordi-

nate system (X, Y, Z) is assigned.

Completes the reading in of Block 4 and writes out Block 4.

The data matrix for each satellite surface is assigned as

well as the Hollerith matrix for each surface.

Block 5 is written out.

The orbit period and eccentricity are calculated.

The A geocentric degrees that the satellite moves between

points is calculated. A flag is set for full or partial orbit

heat fluxes.

The orbit time from periapsis to the initial point in orbit,

01 , is calculated.

The distance from the planet center to the satellite for a

circular orbit is assigned.

A flag for the initial theta angle, 01 , and the corresponding

correct sign for the orbit time from periapsis to the initial

point in orbit.
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Statement
Number

86

86 - 116

116 - 120

120 - 270

280 - 310

120 - 146

149

150 - 156

157 - 158

160 - 183

183 - 210

/ Activity

SHADOW subroutine is called in which the geocentric angles

from the projection of the solar vector on the orbit plane

to the shadow points is calculated.

Determines the initial point in orbit at 01 , determines if

the satellite is in or out of the sun at this angle, and sets

the corresponding flags.

Zero initial values before the calculation of each point in

orbit.

A loop which is executed for each point in orbit.

The particular orbit-point fluxes at the shadow points of

the orbit plane are calculated for which special flags and

calculations are made. Then the program transfers back

to complete the 120 - 270 loop.

Determines if the _ 0 increment has moved the satellite

from the sunlight to the planets' shadow or vice versa. If

so, the program transfers to 280; if not, the program con-

tinues with statement 149.

Determines if all the points have been computed.

Assigns the initial orbit time.

Determines if all points have been computed, even for the

partial orbit.

Orbit time from periapsis to the i th point in the orbit is

calculated.

Orbit time from the initial point, i = 1, to the i th point

is calculated.

A-40

LOCKHEED MISSILES & SPACE COMPANY

ll' 



M-16-64-1

°

Statement

Number

220 - 230

230 - 240

240 - 270

270

402

Activity

.th
Calculations are made for the i position of the sun and

planet relative to the central coordinate system for a

planet-oriented satellite.

Calculations are made for the i th position of the sun and

planet relative to the central coordinate system for a

sun-oriented satellite.

The data matrix for the sun and planet is completed from

the calculations made in statement numbers 220 - 230 or

230-240 for the i th point.

The VIEW and FLUX subroutines are called to calculate
.th

the view factors and heat fluxes for the I point in orbit.

OUTPUT subroutine is called to write out the heat fluxes.

A. 4.2 SHADOW Subroutine

.o

!

This subroutine calculates the geocentric angles from the projection of the solar vector

on the orbit plane to the intersection points of the planet's shadow and the satellite's

path. These angles are approximated by finite difference calculations as the radius

vector (center of the planet to the satellite) is incremented along the satellite path.

The present accuracy of the resulting angles is - 0.01 deg. This part of Appendix A

contains the equations and assumptions of this subroutine. In this subroutine,

+ theta to intersection point.8 ----_S

Statement
Number

1

1-2

Starts a "Do" loop in which the size of the _0 is determined.

A '_Do" loop that divides the A 8 by 10 and adds this angle

to /} in the correct direction toward the intersection point.
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Statement
Number

4-6

.7

Activity

Determines the correct direction that Ae is moved from

O = 270degor 0 = 90deg.

Const,nts assigned to the 0 angles if no intersection occurs

i. e., 100 percent of the satellite orbit is in the sun.

A. 4.3 VIEW Subroutine

.th
position of the sun and the planet for this ,

surfaces in this i th position into elements.

is subdivided into is also calculated.

This subroutine takes the geometric description of the satellite surfaces and the relative

position in orbit., and subdivides these

The number of elements that the planet

Statement
Number

1-4

5 - 20

20 - 50

Activity

Flags set by the Main Program are checked to determine

how many calculations need to be repeated.

The number of elements that each of the planet's 36 nodes

is subdivided into is determined in the two "Do" loops.

When the calculated view factor error to the planet is less

than thedesired error input by the program user, a trans-

fer is made from the "Do" loop.

A "Do" loop which assigns node numbers and element hum _

bers to each defined geometric surface (includes the sun

and the planet surfaces as well as the satellite surfaces).

NOTE

This loop is executed in the following sequence: The
rotation matrix from the X, Y, Z system to the
X', Y', Z' for each jth surface is assigned.
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Statement
Number

22 - 35

35 - 50

54 - 70

8O

Activity

The nodes and elements in the 9 and 7 directions are

assigned 1 if they were <- 0 and then are restored in the

data matrix.

Divides the Jth surface into nodes and elements. VECTOR

subroutine is called for each element of each node in the

•jth surface.

Diagnostics for too many elements or too many nodes.

Subroutine Omega is called.

A. 4.4 VECTOR Subroutine

o

r

This subroutine calculates the area vector of each element and the position vector

(from X, Y, Z

Statement
Number

21 -22

22 - 23

23 - 26

26 - 80

80 -90

100

origin to center of element) of each element.

Activity "

The area and position vector for an element in a rectangular

surface relative to the X', Y', Z' system is calculated.

The area and position vector for an element in a disk surface

relative to the X', Y', Z' system is calculated.

Same as above, but for a triangular surface.

Same as above, but for a spherical surface.

The area vector is transformed from the X', Y', Z' system

to the X, Y, Z system and is stored.

The position vector is transformed from the X', Y', Z'

system to the X, Y, Z system and is stored.
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A. 4.5 OMEGA Subroutine

The FA matrix is calculated between each element and then added until the stored FA

matrix becomes the FA matrix between nodes. Also, the cosine of the angle between

the planet-sun line and each planet node is calculated and stored, COST (J).

Statement

Number Activity

2-8 Flags set in the Main Program are checked to eliminate

duplicate calculations.

8-12 The node areas and FA node values to be calculated are

set equal to zero.

12 - 100

12 - 21

A "Do" loop.

Calculates the area magnitude of the ith

•flags.

element and sets

21 - 99 A "Do" loop within the 12 - 100 "Do" loop.

21 - 30

32 - 33

Calculates the dot product between the spread vector

(vector from ith element to jth element)and the ith

element, and the dot product between the jth element

and the spread vector.

The COST (J) is calculated for the sun element and the

planet node.

jth

37 - 39 Flags are checked to determine if surface shading of the

satellite surfaces is possible for the ith and jth elements.

44

95 - 99

SHADE subroutine is called.

The FA for the i th and jth

shading takes place.

elements are added if no

103 - 107 The average COST (J) of the planet node is calculated and

the FA matrix is completed.
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A. 4.6 SHADE Subroutine

This subroutine determines if there is an intervening surface between the i th and

.th
3 element such that the centerlines between these elements would intersect this

third surface.

Statement
Number

5 - 10

12 - 22

22 - 25

27 - 40

40 - 50

50 - 60

60 - 68

Determination of which vehicle surface may be the inter-

vening surface and the area vector, L , on this surface.

Calculation of direction number of the line between the ith

and jth elements.

Does the jth element lie in the plane of the possible

intervening surface?

Are the line and the surface normal, L , perpendicular?

The point of intersection in the X, Y, Z coordinate system

is found and transformed into the X', Y', Z' coordinate

system of the possible intervening surface.

If the surface is a rectangle, does the point of intersection

lie within the prescribed boundaries of this surface?

If the surface is a disk, does the point of intersection lie

within the prescribed boundaries of this surface?

If the surface is a triangle, does the point of intersection

lie within the prescribed boundaries of this surface?

A. 4.7 FLUX Subroutine

This subroutine calculates the direct incident fluxes, the total absorbed fluxes, and

the radiation constants for the satellite surfaces.
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Statement
Number

2-6

6 - 10

10 - 20

24 - 35

35 - 45

45 - 46

46 - 60

60 - 68

68 - 75

77

80 - 87

The c_s , _A ' and .E are assigned to all nodes of a given

surface, and the emissive power of the sun is calculated

for the initial point in orbit.

The mean emissive power of the I th planet node is

calculated

The direct incident solar, albedo, and planetshine flux

is calculated for an entire node of the satellite.

The planetshine B and GS matrices are defined and

assigned values. Then INVERT subroutine is called

which inverts the B matrix.

The GS matrix and the inverted B matrix are multiplied

and stored in the GS matrix.

The GP matrix is assigned the GS (1,I) matrix.

The RADK matrix is calculated which includes the radiation

constant to space.

The albedo B and GS matrices are defined and assigned

values. Then INVERT subroutine is called which inverts

the B matrix.

The GS matrix and the inverted B matrix are multiplied

and stored in the GS matrix.

The GA matrix is assigned the GS (1,I) matrix.

The solar B and GS matrices are defined and assigned

values. The INVERT subroutine is called which inverts

the B matrix.

.A-46

LOCKHEED MISSILES & SPACE COMPANY



M-16-64-I

Statement
Number

87 - 100

100

i15 - 170

A. 4.8 INVERT Subroutine

Activity

The GS matrix and the inverted B matrix are multiplied

and stored in the GS matrix.

The table output is selected for the addition of the solar and

albedo fluxes, 105 - 107, or their individual output, 110 -

112.

Assigns the specific heat fluxes as the satellite enters and

leaves the planet shadow.

This subroutine inverts the B matrix assigned in FLUX subroutine. This is a non-

orthogonal transformation so that the inverse matrix, B -1, is not equal to the

transpose matrix, B 1 .

1

1

I

A. 4.9 OUTPUT. Subroutine

After all the heat fluxes are calculated for the points in the satellite orbit, this sub-

routine is executed.

Statement
Number

51

54 - 64

66 - 68

101 --130

130 -- 155

Activity

The solar constant is calculated

The percent orbit time that the satellite is in the sun is

calculated.

The variables are written out.

The total absorbed fluxes "Solar," "Albedo," and "Planet:

shine" are written out.

The direct incident fluxes "Solar,'! "Albedo," and "Planet-

shine" are written out.
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Statement
Number

160 - 176

lou - 198

201 - 226

226 - 255

260 - 280

283 - 299

Activity

The total absorbed fluxes "Solar," "Albedo," and "Planet-

shine" are punched out on cards if desired.

The direct incident 11u_u_......."Solar," ...._u_uu'--_-," and "Planet-

shine" are punched out on cards if desired.

The total absorbed fluxes for "Solar ," "Albedo," and

"Planetshine" are written out.

The direct incident fluxes for "Solar," "Albedo," and

"Planetshine" are written out.

The total absorbed fluxes for "Solar," "Albedo,, and

"Planetshine" are punched out on cards if desired.

The direct incident fluxes for "Solar," "Albedo," and

"Planetshine" are punched out on cards if desired.

A. 4.10 TRIG Package

The TRIG Package consists of four FAP coded subroutines, TAN, TRIG, ATAN, and

AFUN for computing the trigonometric functions tangent, sine and cosine, and the

inverse trigonometric functions arctangent, arcsine, and arccosine, for the angle in

degrees.

All angles in the program are input and output in degrees. Thus the program is

incompatible with the FORTRAN library subroutines SIN, COS, and ATAN without

the use of conversion factors degrees to radians, and from radians back to degrees.

Also, many calculations can be performed more simply in terms of tangent, arcsine,

and arccosine functions which are n0t available in the FORTRAN library.

TAN Subroutine.

• Identification: TAN

• Purpose: Compute tangent (x) for x

ment in degrees, when TANF (X) is used in a floating-point expression.
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• Usage: TANF (X}

Requires 2368 locations

• Restrictions: None.

• Method: Based on two tables, TANT and INT, where

TANT(n) = tan(n) , n = 0, 1,...,45, and

INT(n) = tan(n + 1/2) -tan(n - 1/2) , n = 0, I,...,45

The argument is divided into three parts; NQ, ND, and F, so that

Arg = 45 × NQ + ND + F

where,

NQ = integral part of (Arg/45), and indicates the octant in which Arg
lies:

0 + 180i-<Arg<45 + 180i;NQ = 0

45 + 180i<- Arg<90 + 180i ;NQ = 1

90 + 180i-Arg<135 + 180i;NQ = 2

135 + 180i<-Arg<180 + 180i;NQ = 3

where i = 0, 1, 2,...

ND = integral part of (Arg rood 45) rounded to the nearest integer.

F = (Arg rood 45) -ND

The tangent of Arg is obtained from the TANT and INT tables:

NQ = 0: TANF (Arg)

NQ = 1: TANF (Arg)

NQ = 2: TANF (Arg)

NQ = 3: TANF (Arg)

= TANT(ND) • F XINT(ND)

= 1/[TANT(45 - ND) - F× INT(45 - ND)]

= lit[-TANT(ND) - F× INT(ND)]

= -TANT(45 - ND) + F ×INT(45 - ND)

TRIG Subroutine.

!

!

L

Identification: TRIG

Purpose: Compute sine (x) or cosine (x) for x any single precision floating

point argument in degrees, where SINF (X) or COSF (X) is used in a

floating-point expression.
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• Usage: SINF(X), COSF(X)

Requires 3658 locations for both, coded as two entries to one routine.

• Restrictions: None

• Method: Based on two tables, SINT and INT, where

SiNT(n) = sin(n) , n = 0, i,...,90

INT(n) = sin(n +

The argument is divided into three parts:

90×NQ + ND + F,

where,

NQ

1/2) - sin(n - 1/2) , n = 0, 1,...,90

NQ, ND, and F, so that Arg

= integral part of (Arg/90) and indicates the quadrant in which

Arg lies:

0 + 360i-<Arg<90 + 360i : NQ = 0

90 + 360i-<Arg< 180 + 360i : NQ ffi1

180 + 360i-<Arg <270 + 360i : NQ -- 2

270 + 360i-Arg <360 + 360i : NQ = 4

-(0 + 360i) >Arg- -(90 + 360i) : NQ = 2

-(90 + 360i)>Arg->-(180 + 360i) : NQ = 3

-(180 + 360i) >Arg>- -(270 + 360i): NQ = 0

-(270 + 360i)>Arg- -(360 ÷ 360i): NQ -- I

where i = 0, 1, 2,...

ND = integral part of (Arg rood 90) rounded to the nearest integer

F = (Arg rood 90) - ND

The sine of Arg is obtaine_ifrom the SINT and INT tables:

NQ = 0: SINF (Arg) = SINT(ND) + F × INT(ND)

NQ = I: SINF(Arg) = SINT(90 - ND) + F ×INT(90 - ND)

NQ = 2: SINF (Arg) = -SINT(ND) - F × INT(ND}

NQ = 3: SINF (Arg) = -SINT(90 - ND) + F ×INT(90 - ND)

The cosine of Arg is evaluated as sine (Arg + 90).
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ATAN Subroutine

• Identification: ATAN

• Purpose: Compute arctangent (x) for x are single-precision, floating-point

argument. The result is the principal value in degrees.

• Usage: ATANF (X)

Requires 2608 locations.

• Restrictions: None

• Method: Based on two tables, ATANT and INT, where

ATANT(n) : atan(n/100)8 , n = 0, 1, .... 1008

INT(n) = atan [(n/100)8 + 1/2] - atan[(n/100)8 - 1/2] , n = O, 1,... ,1008

The argument is divided into two parts, ND and F, depending on the magni-

rude of Arg:

IArgl.< 1, ND

F

[Arg[ _ 1, ND

F

= integral part of (100/Arg)8

= (100/Arg)8 - ND

= integral part of (100/Arg)8

rounded to the nearest integer.

rounded to the nearest integer

= (100/Arg)8 - ND

The arctangent of Arg is obtained from the ATANT and iNT tables:

Arg< - 1. : ATANT (Arg) = ATANT(ND) + F× INT(ND) - 90.

Arg = -1. : ATANT (Arg) = -45.

-1. <Arg < 0. : ATANT (Arg) = -ATANT(ND) - F ×INT(ND}

0 - Arg < 1. : ATANT (Arg) = ATANT(ND) + F ×INT(ND)

Arg = 1. : ATANT(Arg) = 45.

1. <Arg : ATANT(Agr) = 90.- ATANT(ND) - F ×INT(ND)

AFUN Subroutine

Identification: AFUN

Purpose: Compute arcsine (x) or arccosine (x) for x any single-precision

floating-point argument. The result is the principal value [-90 -< ASIN (X)

-< 90., 0. -< ACOSF(X) -< 180 ] in degrees.
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• Usage: ASINF(X}, ACOSF(X)

Requires 3638 locations for both, coded as two entries to one routine.

• Restrictions: IfArg-> 1., ASINF(Arg) = 90., ACOSF (Arg) = 0.

If Arg _ -1. , ASINF (Arg) = -90., ACOSF (Arg) = 180.

• Method: Based on two tables, ASINT and INT, where

ASINT(n) = asin(n/200)8 ;n = 0, 1,...,1338

Int(n) = asin[(n/200)8 + 1/2] -asin[(n/200)8 - 1/2] ;n = 0, 1,...,1338

The argument is divided into two parts, ND and F, depending on the magnitude

of Arg:

]Argl - 1/_2 , ND

F

]Argl > 1/_f2 , ND

F

The arcsine of Arg is obtained from the ASINT and INT tables:

= integral part of (200 * Arg)8 rounded to the nearest

integer

= (200 xArg)8 -ND

= integral part of [200x ]]1-(Arg)2[8 rounded to the

nearest integer

1200x _1 - (Arg)218-ND

Arg-< -1. : ASINF (Arg)

-1. < Arg < -1/-¢-2 : ASINF (Arg)

-1/_2 _< Arg < 0 : ASINF (Arg)

0-<Arg_ 1/_2 : ASINF (Arg)

1/_f2 < Arg < 1 : ASINF (Arg)

1 - Arg : ASINF (Arg}

The arccosine of Arg is evaluated as

= -90.

= ASINT (ND) + i_× INT (ND) - 90.

= -ASINT(ND) -F× INT(ND)

= ASINT(ND) + F ×INT(ND)

= 90. -ASINT(ND)- F×INT(ND)

= 90.

90. - arcsine (Arg).
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Appendix B

PROOR  INFOT/OU UT

B.I DEFINITION OF INPUT VARIABLES

Physical variables that are input to the computer program are written out as

shown in Fig. B-I. The physical input variables are divided into the follow-

ing five blocks and are discussed in the order they appear.

• Planet data for Venue

• Satellite orbit

• Satellite orientation

• Satellite surfaces

• Output variables

Block I -- PLANET DATA FOR V_RUS. The word V_NUS in the title of block I is

written out to identify the physical constants associated with the planet

Venus. Any other planet in our solar system m_ be used as the planet about

which heat fluxes are obtained on a satellite. There is some restriction as

to the basic unit of length used by the computer for the "outer" five planets;

this was explained in Section 3 of this report. The Earth's moon or another

moon may also be treated as a planet in Block I; the resulting orbit and heat

fluxes are due to the moon and sun only. With the generalized input of

Block I, the heat fluxes about a planet in another solar systemmay be cal-

culated with some restrictions, provided the physical constants are ayai_ableo

B-I
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The interpretation of the physical constants in Block I is as follows:
/

• The formulas used to determine the satellite's posi_on around the

planet are for the true elliptical orbit that considers the planet

as a true homogeneous sphere or its equivalent, a point mass. Ap-

pendix A-I contains these formulas. With this assumption, the

planet's GRAVITATIONAL CONSTANT would be the "sea-level" value or

the average planet surface value. The assumption of a true homo-

geneous sphere results in an average PLANET RADIUS.

• _e PLANET DISTANCE TO SUN is tabulated in various references listed

at the end of this appendix. This distance is often given in astro-

nomical units that are tabulated for any day of a given year and

must be converted to the desired distance units to be input to the

computer progrs_. The distance to the sun causes the following var-

iation in the solar constant as the planet moves from perihelion to

aphelion:

Mars:

Earth:

Venus:

o.o642-- o.o4425  u/sec-Zt2

o.1265 -- 0.I175  u/sec-ft2

0.231 -- 0.240 Btu/sec-ft 2

• _he SUN RADIUS and the SOLAR T_PERATURE, in addition to the planet-

to-sun distance, determines the solar constant at the planet. How-

ever, the exact sun radius and the mean effective solar temperature

are difficult to obtain to any high degree of consistency from the

reference material. It should be remembered when inputting these

B-2
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THIS LINE, CORRESPONDI_WG TO i CARD INPUT, IS FOR COMMENTS BY THE i
I

PLANET DATA FOR VENUS 0.32BiOE 04

GRAVITATIONAL CONSTANT = 0.28900E 02

PLANET DISTANCE Tn SUN = 0.I0800E 09

PLANET ALBEDO, PERCENT : 0.73000E 02

PLANET RADIUS : 0.62000E 04

SUN RADIUS : 0.69530E 06

STEPHAN-BOLTi

DARK SIDE TEl

SUB-SOLAR TEr

SOLAR TEMPER_

DELTA ANGLE

SATELLITE ORBIT

INITIAL THETA AN_LE

FINAL THETA ANGLE

INCLINATION ANGLE

OMEGA ANGLE
ALPHA(P) ANGLE

0.32BIOE 04

=fO.{cc::E C2

= 0.60000E 02

= 0.90000E 02
= 0.31500E 03

_Om

!
NUMBER OF DE!
ALTITUDE OF

ALTITUDE OF i

INITIAL TIME i

3 SATELLITE ORIENTATION

INITIAL PHI = -0.
INITIAL PSI = -0.

INITIAL OMEGA = -0.

ORIENTATION( I=PLANET,2=SPACE

4 SATELLITE SURFACES

_i:

NUMBER OF SURFACES = 3

O. IO000E OI
0.960

0.900

! 4 4

_Oo

0 •960

0.900

--Oo

0.250
0.850

-0 -0 SURFACE NO. B

-O.!O000E 01 -0.

U.960 -0.
_Oo

-0 -0 SURFACE NO. C
-O.IO000E Ol -0.

0,960 -0.
--0o

-0 -0 SURFACE NO. A

-0. -0.

0.250 -0.

_0°

PERCENT ERI

-0. (

-0. -(
-0 • -(

-0.
DO°

--0°

O.IO00GE OI
-Oo

--0°

5 OUTPUT VARIABLES TABLES = 2 FORMAT = 1 CARDS = 0
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)ROGRAM USER.

[MAN CONSTANT = 0.17970E-07

4PERATURE = 0.23500E 03
_PERATURE = 0.23500E 03

_TURE = 0.58083E 04

_mOe

.TA THETA'S = 20

)ERIAPSIS = O.[O000E 04

_POAPSIS = O.IO000E 04
_00

)-- 2.

_OR = I0.0

).IO000E Ol

).
)°

).IO000E Ol
).

|°

).IO000E Ol

)°

}.90000E 02

VARIABLES - I

SURFACE SHADING{-I=ND, I=YES) = 1.

Fig. B-I Input Data Written Out
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two physical constants that the sun is simulated by a flat disk of

a constant radius which is at a uniform black body temperature.

The DARK SIDE T_4PERATURE and the SUB-SOLAR TEMPERATURE refer to the

effective black body planet surface and a_nosphere temperature that

the satellite surfaces "see." These temperatures do not necessarily

refer to the actual planet surface temperature, but to an effective

temperature that accounts for the infrared radiation that ms_ be ab-

sorbed and reemitted by the planet's a_mosphere. The DARK SiDE TEM-

PERA_JRE refers to the effective planet temperature of that area not

in the sunlight. The SUB-SOLAR T_IPERATURE refers to the effective

planet temperature of that area normal to the planet-sun line on the

_m side of the planet. The effective planet temperature varies as

the cosine of the geocentric angle from the subsolar point to the

terminal point of the sunlit portion. Appendix A.I contains these

equations.

The PLANET AL_EDO PERC_T is the percent of the sun's incident en-

ergy that is reflected from the planet's atmosphere and surface.

This reflected energy is assumed to be diffuse and may or ms_ not

be at the ssme wavelength as the incident radiation from the sun. An

appreciable change in the reflected wavelength will result in a

change in the absorptivity of the reflected radiation. The absorp-

tivities of albedo radiation by the satellite surfaces are input in

Block b.

LOCKHEED MISSILES & SPACE COMPANY



M-16-64-I

• The STEPHAN-BOLT2MAN CGNSTANT can be determined from the references

/

in this appendix with the proper units as described in Appendix C.I.

• DELTA ANGLE _ is the angle between the sun vector S, and the pro-

Jection of S on the Earth's ecliptic plane (see Fig. B-2). It is

measured positive in the "south" direction and negative in the

"north" direction which is opposite in sign to the heliocentric la-

titude tabulated in the references.

Flock 2 -- SATELLITE ORBIT. The satellite orbit and the points in this orbit

are described by five angles shown in Fig. B-2, the number of _ @'s in the

orbit plane, and the altitudes of periapsis and apoapsis.

The following five angles of Block 2 (Fig. B-l) are illustrated in Fig. B-2:

OMEGA ANGLE Jl is the angle from the projection of the S vector on

the ecliptic plane to the line of intersection of the ecliptic and

orbit planes at the south-to-north crossing of the satellite. The

-(2. angle is alwsps taken as positive in the counterclockwise di-

rection when viewed from the north pole of the ecliptic (P).

ALPHA (P) ANGLE o( p is the angle from the line of intersection of

the orbit and ecliptic planes to the periapsis. Be o_p angle, in

the orbit plane, is alw_s measured positive in the direction of

satellite travel from the ascending node.

B-6
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NOTE: The angles may be more familiar to the reader

if they are related to Earth. If the earth's eclip-

tic plane in Fig. B-2 were the earth's equatorial

plane, then or would be the declination of the ap-

parent sun, /q_ would be the apparent right ascension

of the ascending node of the satellite, minus the ap-

parent right ascension of the sun, and Ofp would be

the argument of perigee.

INCLINATION ANGLE I is the angle that the orbit plane makes with the

ecliptic plane. It is measured as the positive angle between the

normal to the orbit plane (using the right-hand r_le and the direc-

tion of satellite travel) and the north pole of the ecliptic.

INITIAL THETA ANGLE @I is the angle measured in the orbit plane from

the periapsis to the point in orbit where the heat flux tables start.

It is measured positive in the direction of satellite motion.

FINAL THETA ANGLE _ is the angle measured in the orbit plane from

the periapsis to the point in orbit where the heat flux tables end.

If the heat flux tables are to be periodic, i.e., one complete orbit_

then @F must equal @I" This angle is also measured positive in the

direction of satellite motion.

Completion of the interpretation of Block 2 is as follows:

s..8
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be NUMB_R OF DELTA THETA's refers to the number of times that the

total geocentric angle @T is divided to obtain the _ @ that the

satellite moves in the orbit plane between heat flux calculation

points,

where @T " @F" @I

or. _T i1 360, if _ ll gi

Example: NUMBER OF DELTA THETA's - 20

- 36o

_@ = 360/20 -18 °

In this case, the heat fluxes are calculated for every 18° of satel-

lite motion.

At those geocentric angles where the satellite enters or leaves the

planet shadow, the heat fluxes are calculated in addition to the

heat fluxes at each _@ angle. See the smmple problem output in

Appendix C.2.

• The orbit time from @I to each point in the orbit is then calculated.

The orbit time of @I is zero if @T = 360; however, if @T < 360,

then the time at @I is equal to INITIAL TIME, and the time for each

point after @I is the INITIAL TIME plus the orbit time from @I to

each point.

The ALTITUDE OF APOAPSIS and the ALTITUDE OF PERIAPSIS as input in

Block 2 will determine the orbit eccentricity by the true elliptical

B-9
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equations in Appendix A.

Block 3 -- SATELLITE ORIENTATION. INITIAL PHI _I, INITIAL PSI _ I, and

INITIAL OMEGA _)I refer to the rotation of the Orbit Plane Coordinate

System to the Central Coordinate System in the following discussion of Block

3 (Fig. B-l). The X", Y., Z" coordinate s_jstems shown in Figs. B-3 and B-4

shall be defined as the Orbit Plane Coordinate System.

For the space-oriented satellite in Fig. B-3, the right-hand orthogonal axes

are defined as:

• ' - parallel to the north pole of the earth's ecliptic plane, positive

in the "north" direction

Y" - directed to complete the right-hand orthogonal set

Z" - parallel to the projection of the sun vector S on the earth's ec-

liptic plane, positive in the direction of the sun

For the planet-oriented satellite in Fig. B-4 the axes are defined as:

X" - perpendicular to the planet radius vector in the satellite orbit

plane and measured positive in the direction of satellite motion

Y" - directed to complete the right-hand orthogonal set

Z" - local zenith or the extension of the planet radius vector

_he transformation of the Orbit Plane Coordinate System (X", Y", Z") to the

Central Coordinate System (X, Y, Z) is shown in Fig. B-5. The Central Co-

ordinate System is the main coordinate system on the satellite to which all

J

B-IO
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S

X" DIRECTION OF SATELLITE MOTION7
P y,, P.y. /.i-.. t _. -iv,,

II

Z"

. EARTH'SPLANEECLIPTIC-

S

+ .

Fig. B-3 Space Oriented Fig. B_4 Planet Oriented

[

i .

i .

4-

--w

@I

X

. : y Y"

Fig. B'5 Rotation of X"Y"Z" to XYZ
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the satellite surfaces described in Block 4 are referred. The angles in

Fig. B-5 are taken as positive in the direction shown and are defined in the

order of their rotation as:

_I = the angle about which the X" Y" axes rotated on the Z" axis, posi-

tive in the clockwise direction when viewed from the +Z" axis -

yaw angle

_I = the angle about which the _ Z" axes are rotated on the Yp axis,

positive in the clockwise direction when viewed from the +_

axis = pitch angle

I " the angle about which the Yp Zc axes are rotated on the X axis,

positive in the counterclockwise direction w]_n viewed from the

+X axis - roll angle

The selection of Orbit Plane Coordinate System in Fig. B-3 or Fig. B-4 is in-

put to the program as ORI_TATION (I= PLANET, 2 = SUN) which acts as a flag

to select the desired satellite orientation in the orbit Plane.

The above method of inputting _I, _ I, _2 I' and the satellite orientation

enables the program user to "build" the satellite surfaces about the desired

Central Coordinate System, and then put the satellite into any desired orbit

orientation.

Block 4 -- SATELLITE SURFACES. Block 4 physically describes the satellite

surfaces as to their position, size, orientation on the satellite, number

of surfaces, emissivity and absorptivity of each surface, and how the view

B-12
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factor calculations are to be made by the computer. The interpretation of

Block 4 is as follows:

• The NUMBER OF SURFACES indicates the number of sets-of-cards that

describe the surface configurations. A set-of-cards consists of

four cards and is written out as four lines as shown in Fig. B-X.
|

°_

• The PERCENT ERROR indicates the finite difference method of calcu-

lating the view factor between a unit area in orbit and the planet.

_is unit area is taken at the altitude of the satellite and is per-

pendicular to the local zenith. The PERCENT ERROR, as input, will

cs_se the computer progr&_ to increase the number of finite differ-

ence areas of the planet, thereby increasing the view factor accuracy

of this unit area until the actual view factor error is less than the

P.ZRCENT E_ROR. The error is calculated from the finite difference

view factor and the integrated view factor. As the number of finite

difference areas of the planet is increased, the computer run time

increases. Therefore, the program, user my make the trade-off be-

tween view factor_ or consequentl_, the heat flux accuracy and the

computer run time. Appendix D contains curves that show the accuracy

obtainable for a typical planet, the suggested PERCENT ER_R and its

effect on the heat fl_xes, and the resulting computer run time.

_he SURFACE SHADING (-I = NO, I - YES)acts as a flag which causes

the program to check •all the satellite surfaces which ms_ be shielded

or partially shaded by other satellite surfaces. The computer run

!
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time is decreased if the shading check routine in the program is not

executed. The computer run time increase due to the shading check

routine is discussed in Appendix D.

Each of the four cards in each set-of-cards is written out in Fig. B-I in

the same format as it is input in Fig. B-6. The following description of

symbols shown in Fig' B-6 refers to each of the satellite surface geometric

configurations shown in Figs. B-7, B-8_ and B-9.

• Surface _ype:

+I - rectangle

+2 = disk

+_3 = trapezoid or triangle

-o

Where: Positive values indicate the direction of the surface normal

in the direction of the +Z' axis, and negative values indl-

cate the direction of the surface normal in the direction of

the -Z' axis.

= Z' distance from the origin to the plane

-'L-

• _ .rain" mirLt_um distance in the/ direction

• / max " maximum distance in the/ direction

min = _nimum _st_ce (or angle) in the _ _rection

LOCKHEED MISSILES & SPACE COMPANY
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.°

if-

!

,m..=

!

Z' _mox

/°..,?,
/j;

!

y'

B-7 Rectangle Surface Type = _*I

_' Z'

8 Ymin ' a, _ Y' .

Disk Suz'face Type = ÷ 2

!

l Vmin

, -/ ///

X'/_"

L

_y'

B-9 Trapezoid Surface Type = + 3_
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O_ma x - maximum distance (or angle) in the O_ direction

NOTE: The angles must be measured positive in the

clockwise direction from the Y' axis as viewed from

the Z' axis .

The location and orientation of each Surface Coordinate System (X', Y', Z')

is specified in terms of the Central Coordinate System (X, Y, Z) as shown in

Figs. B-IO and B-If.

•o = distance from the Central Coordinate System origin to the

Surface Coordinate System origin in the X direction

• R(Y) = same in the Y direction

• R(Z) - same in the Z direction

.

= theangle about which the X and Y axes are rotated on the

Z axis, positive in the clockwise direction when viewed

from the +Z axis = ys_ angle

- the angle about which the _ and Z axes are rotated on tho

Yp axis, positive in the clockwide direction when viewed

from the +_ axis - pitch angle

3-18
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!
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Fig. B-IO Location of X'Y'Z' Origin

_°

o°

"°.
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Z !

! C : !

' y

Xp _ _'-Y

X W"

Fig. B-If Orientation of X'Y'Z' Coordinate System
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= the angle about which the Yp and Z axes are rotated on the

X' axis, positive in the counterclockwise direction when

viewed from the +X' axis - roll angle

The surface described by each set-of-cards may be divided into morel than one

node by specifying NV/ and NVc_ as shown in Fig. B-12. If _/,_ or

NVoI is greater than one, more th_ one set of heat fluxes for this surface

will be generated. The number of sets of heat flux tables for each surface

is NV_ times NVc_ = N. Be Hollerith (identification written out for

each surface) will be the same for all N nodes of a surface. Therefore,

these heat flux tables are produced in the order that the nodes are broken

down. This is best explained in the exsmple of Fig. B-12,

where, NV/ = number of nodes in the/ direction

NV_ = number of nodes in the o_ direction

Also, all nodes of a surface have the same absorptivity and emissivity.

Each of the nodes described are subdivided into elements for the finite dif-

ference view factor calculation by specifying _ and No< as shown in

Fig. B-12,

- number of elements in the/ direction

- number of elements in the c_ direction

In Fig. B-X2, the nodes and elements are defined ass

• nod,
• g - width of node in the o_ direction - ( o_ max" c_min)/MV_

• _ b - width of el_nt in tho_ d_rection - b/S/e
/

B..20
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Fig. B-12 Example of Node and Element Distribution

B-2X

LOCKHEED MISSILES & SPACE COMPANY



M-16-6h-I

• Zig " width of element in the c_ direction - g/No<

The nodes are numbered 1 -- 12 in the order that heat flux tables will be

produced.

In this example, NVf - h, NV_ - 3, _ " 5, N_ - 6 so that:

• Number of nodes/surface = NVp times NVc( - 12

• Number of elements/node = N_ times N_ " 30

• Number of elements/surface = (Np times No( )(N_ times NVc_

- 360

In this computer program, the maximum number of nodes for all the vehicle

surfaces is 20. While the maximum number of elements for all the vehicle

surfaces is 711 to 963, depending upon the number of elements that the planet

is divided into.

The first card of each set-of-cards contains a Hollerith Field with which the

progr_ user can identigy the re.sulting heat flux tables for this surface.

The order of inputting the set-of-cards is the order in which the heat flux

tables will be listed.

The solar, albedo, and planetshine absorptivity must be entered for each sur-

face to obtain the absorbed heat fluxes for this surface. The planetshine

absorptivity is assumed to equal the surface emissivity from which the ra-

diation exchange factor between the node is calculated, and also the radia-

tion of this node to space.

B-22'
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Block _ -- OUTPUT VARIABLES. _lock 5 (Fig. B-I) determines the form and kind

of output from the calculations made by the computer.

The TABLES is a flag to determine if the albedo flux for a surface is to be

added to the solar flux for that surface. This is done to conserve the num-

ber of heat flux tables output. The added fluxes do not imply that the solar

and albedo absorptivities are equal.

The FOHMAT is a flag to select the desired output format of the heat flux

tables that corresponds to the particular thermal analyzer computer program

that the program user has available.

[

I

The CARDS is a flag to provide punched I_ cards of the output heat flux

tables listed. This flag is set by the program user to do the following:

O - no cards will be punched out

I - all the total absorbed heat flux tables will be punched

2 - all the direct incident heat flux tables will be punched

3 " all the heat flux tables will be punched

The punched cards will be identical to the tables liste_.

The VARIABLES is a flag set by the program user to output the following

values for the vehicle nodes, if desired:

• Percent time in the sun

• Orbit eccentricity

• Solar constant

B-23

LOCKHEED MISSILES & SPACE COMPANY



M-16-64-I

• Orbit period

• _( S angle /

• Beta angle

• Radiation constants

These values will be discussed in Appendix B.2.

B.2 D_INITION OF OUTPUT VARIABLES

The variables that are output in Fig. B-13are constant for the particular

orbit in which the specified satellite surfaces are about a specific planet.

The PERCENT TIME IN THE SUN is the percent of the satellite orbit time that

the satellite is exposed to direct solar radiation.

The ORBIT ECC_TRICITY is the eccentricity calculated from the true ellipti-

cal orbit equations contained in Appendix A.

The SOLAR CONSTANT is the maximum solar incident radiation, per unit area, at

the planet's distance from the sun. The units will be heat/length 2 time,

and the value will be calculated from the variables input by the program

usere

BETA ANGLE p is the angle whose magnitude is the complement of hhe acute

angle between the planet-sun line and a normal to the satellite-orbit plane.

The normal to the satellite-orbit plane is directed by the right-bend rule

using the satellite motion as the direction of rotation, be sign of_
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will be positive if the satellite appears to move in a counterclockwise di-

rection around the planet ben satellite motion is viewed from the sun. See

Fig. B-2.

ALPHA (S) ANGLE M S is the angle between the projection of _ on the satel-

lite-orbit plane and the periapsis ofthe satellite orbit. It is measured

positive in thedirection of satellite motion. See Fig. B-2.

The RADIATION CONSTANTS FOR VEHICLE NODh_. SPACE = NU_ER 21 readout is the

heading for a list of the radiation interchange factors between the nodes and

also to space. These values are obtained from the solution of the radiation

constant matrix shown in Appendix A and multiplied by the Stephan-Boltzmann

constant, u-, to give a tabulated value of AiFi_ j _". The K(i,J ) indicates

this radiation constant between node i and j where the node numbers sequence

corresponds to the order of input of the surface description in input Block

4 (Fig. B-l). Space, with an emissivity and absorptivity of one, is assigned

number 21.

...... i

The ORBIT PERIOD is the satellite period as calculated from the true ellipti-

cal orbit equations contained in Appendix A.

The Flexsta Thermal Analyzer format is used to output in tables the heat

fluxes as a function of orbit time. In this particular format the tables are

numbered at the extreme left of the output sheet on the sane line as the or-

bit period if the tables are periodic. The right-hand colu_m is the heat

B-26
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fluxes corresponding to the orbit times in the left-hand column. The last

heat flux is equal to the first heat flux for periodic tables.

The TOTAL ABSORBED refers to the solar, albedo, or planetshine radiation

that is absorbed by the entire node area which includes the absorbed reflec-

tion from other surfaces. Therefore, the units of these heat fluxes would

be heat/tlme.

The DIRECT INCIDENT refers to the solar, albedo, or planetshine radiation

that is directly from these sources for a unit area of the node. _here-

fore, the units of these heat fluxes would be heat/length2-time.

B.3 PROGRAM, DIAGNOSTICS

The following diagnostics are written out before the program is stopped in

an effort to aid the program user in locating the variable that is not ac-

ceptable to the program:

• The ERROR IN BL_CK ID_TIFICATI_N NUMBER indicates that the block

identification number is greater than five.

4

i

• The ERROR IN BL_CK 2, PERIAPSIS GREATER TH_ AP_APSIS is a self-

explanatory diagnostic.

e The ERROR IN BI_CK 2, THETA FINAL IS LESS _AN _%ETA INITIAL is a

self-explanatory diagnostic, .@F <" @I, which the .program will-not

B-27
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accept.

The ERROR IN BL_CK 3, VEHICLE _RIENTATI_N indicates that the orien-

tation flag entered was greater than 2 so that no vehicle orientatic

could be selected.

e The ERROR IN B_CK 5 could indicate one of two things: (I) the flag

for TABLES selection was greater than 2, or (2) the flag for F_RMAT

selection was greater than 2.

• The ERROR IN SURFACE TYPE, SUB_UTINE VECTOR indicates that the var-

iable entered for the surface type in Block 4 was greater than the

absolute value of 6.

The T_ MANY ELEMENTS indicates that the total number of finite dif-

ference elements exceeded the number of core storage locations in

the computer. This diagnostic will occur if the total number of

elements is greater than 963 and ms_ occur if the totalnumber of

elements is between 711 and 963.

• The T_ MANY N_DES indicates that the number of nodes for which heat

fluxes are to be calculated is greater than twenty (20).

The RADK MATRIX IS SINGULAR. PROGRAM CANNOT C_NTINUE occurs during

the inversion of the non-orthogonal matrix for the heat flux calcu-
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lation. It may occur due _ zero emissivities or absorptivities,
J

and, also /if view factor matrix or the albedo percent is zero.

°
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Appendix C

PROGRAM SA_LE PROBLEM

C.! ]]L_ITTING THE CO'_,_UTFR PROGRAM

The computer p_gram is completely independent of Units of time,

heat, length, and temperature. Therefore, the program user must

decide what set of unftc are to be used, and then must be consistent

in inputting variables in these units.

The computer program Snout form mt is sho_m in Fig. B-6. The input

is divided into 5 blocks, with all blocks required for the initial

orbital case. To run addition_l cases, only the block(s) contain-

ing the changed input data and Block 5 need to be input to the pro-

gram becazse the program retains the last information input into

each block. There is no limit to the number of restarts that can

be rune

Block I. Block I consists of information about the sun and the

planet that will need to be determined in the system of units de-

cided upon.

Units of Length

The planet radius, the sun radius, and the distance to

C-1
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the sun are each multiplied by _/_e "length" conversion

factor entered in Block 1 o_ the program. This multi-

plication by the program will convert these values %0

the length units used by the program and output in the

heat flux tables,

Example I:

(.3965x lO4) x (.528x 1o4) = .209x lO8

Planet Radius
Statute Miles x

"Length" conversion

factor, ft/S.M. - (_._et Radiusj

Input to the computer
in Block I

Stored and used

by the computer

The planet gravitational constantand the Stephan-Boltzmann

Constant, both of which contain length units, are not

multiplied by the "length" conversion factor or its in-

verse,

Therefore, the length units in the planet gravitational

constant and the Stephan-Boltzmann Constant input to the

program must correspond to the converted length units of

the planet radius, the sun radius, and the planet distance

as stored by the computer.

C-2
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Exa_,_le 2: (correspon4ing to Zxample I)

Gravitational constant, ft/(time) 2

Stephan-_Xoltzmann ConstanL, heat/time-ft2-(temp) 4

b. Units of Temperature

I

I

The planet's dark side temperature, the planet' s subsolar

temperature_ the effective temperature of the sun, and the

temperature units used in the Stephan-Boltzmann Constant

must all have corresponding units which must be in absolute

degrees.

I

I

.I

I

I

I

!

Example 3:

Planet's dark side ter_erature = 450_

Planet's subsolar temperature = 46OOR

Effective temperature of the sun= I0,455°R

Stephan-Boltzmann Constant, Heat/Time-(Length)2-(°R) 4

c. Units of Time

The units of time used in the planet's gravitational con-

stant will be the units of time used in the calculation

of the orbit period and the time between each heat flux

C-3
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calculation point in the table output. The units

of time used in the Stephan-Boltzmann Constant will

be the time rate at _hich heat is being transmitted

to or is being absorbed by the satellite surfacese

d. Units of Heat or Energy

The unit of heat in the output heat fluxes will be

the unit input in the $tephan-Boltzmann Constant.

The $ angle is input in degree,s for -900< _ < 90°.

Block 2.• Block 2 consists of information about the satellite's

orbit about the planet soecified in Block I.

The altitudes at per_apsis and apoapsis, as input to the program,

are each multiplied by the "length" conversion ,mit entered in

Block 2. The program will convert these altitudes to the length

units that ,must correspond to the length units used by the program

as defined in Block I.

Example 4: (corresponding to Example I)

(.300 x 103 ) x (.50761 x I_)- .1822 x 107

LOCKHEED MISSILES & SPACE COMPANY __l'j/
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Sao_.i!it_ .'-_tirude

_,,-_'2ticz,l_ inilcs

"!_ngt,h" con-
v_:_ic_, fa_tor : ___let altitude at

ib/_!.-, periapzlsj ft

input to the

3!c=k _

Stor,zi and u_ed

b2 Ah_ computer

The t_:io ;_nits of the [nitia! tLm_. _,uzb correspond to _J_e units of

t__me used in _le _ra_itationa% ccn_t-_nt in $!ock I.

All anN!os in Block 2 arn to be inou% a_ ,:osibiv_ -dth all the

m_gles input in degr0es. If the heal fluxes are desired fol-the

enbire orbit , -..e._ periodic, t__ " " _ _

eq,_al the final +/_eta a_le, @if'" llO'.-:_':s:.[._if heal fluxes _/'._de-

sired for only part of t_c orbit, tLen @F mus___tbe _reater than _,

•u...._t_on of the ansles ini.e., @_ @I. So-, A:._pcndizB.l for the ]_'_ " "

J!ock 2.

11

i

I

The number of heat _Iuc_ calculation ooints in the satellite orbit

are input as the nu,_b,.."._- of @'_. The ma_-m_n -,,._no':,_..for _his valae

is 36 "_hich would calculate due heal flux_os for every !0° of th_ta

angle for a 360° orbit.

Block 3. Block 3 consists of information about the satellite's

orientation in the orbit described in Block 2.

C--_

LOCKHEED MISSILES & SPACE COMPANY



l_16.-64.-1

The initial phi, psi, and omega angles (_, _I, &)l) may be positive

or negative in sign, but mus____tall be in degrees.

The satellit =_ orim_bation in the orbit #lane is input as -I for a

planet-oz'i._nted satellite, or as 1 for a space-oriented satellite

as sho_n_ in Fi_s. B-I and B-6.

Block 4. Block 4 consists of the description of the sateS lite sur-

faces to _hich the heat flluxeS are to be calculated and how the

planet view factors are to be calculated,

Note: Four cards are necessary for the

complete descriotion of eve_-j surface
and these four cards are called a "set-

of-cards".

The units of length input in t_hisblock must correspond to the units

of length used by the program as defined in innut Block I.

Example 5: (corresponding to Exile I)

For a rectangular surface; c__ _min' ._ min_

(z),R (r),and (Z)

all have length units in ft,

All length measurements can be input as + values. The _ angle must

be input as positive angles, however, the _ _u, and _)angles may

be _ but all must be in degrees.

C-6
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The number of A elements, and the ntunber of nodes can be calculated

as follows:

Nu;_ber of Nodes --k_ -

J=N

J=!

''AA_ %_e At AA_I&J_A U_

j = jth set-nf-ca_ds

N_ber of_Ele:aents = _DE =

J=N

J=l

k_ere the maximum values are: _i --_ 2@

•NDE--_ 675 to 963

}DE may be greater than 675 pro_5ded the planet elements are less

in n_mber ths.ntheir ma___muu_number of 963 as shown in AppendS x D.

Block 5- Block 5 consists of infor,_tion about the output form of

the tab!es, their format, and if ounched card output of these tables

is desires Also, if a listing of output variables is desired,

i.

..°

This block must be input with the correct desired output for ev_

restart that is run.

NOTE: For the special case of narrow shadow angle

i.e., high percentage sun time) if none of the com-

puted points in an orbit fall within the shadow,
the printed output will indicate 100% sun time and

the program will not make the extra in-and-out-of
shadow calculation.

The following sample problem (Appendix C.2) illustrates the use of

the Generalized Computer Program,

C-7
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C.2 G_L_RAL HSAT FLUX PR0_#21 Sk_:PL_ PROBLEE

To illustrate the utilization of the computer program, t_ sets of

heat fluxes -_ill be obtained by running an initial case and a re-

start in the following sample problems. ._

C.2.1 INITIAL PRDBLEM CASE

Problem: Determine the total absorbed heat fluxes on three satellite

surfaces in an elliptical orbit about Venus on 2 December 1965.

Given: The satellite orbit plane (Fig. C-l) will be inclined to

the Earth's ecliptic by 60°j and will pass about 30° (measured

in the ecliptic) from Venus' subsolar point. The periapsis will

occar in the planet's shadow 45 geocentric degrees north of the

ecliptic plsme. The satellite will be traveling south to north at

periapsis_ 600 KM_ and north to south at apoaosis, IOOO Kin.

The space oriented satellite surfaces will be positioned in orbit

so that the Z and Y axis lie in the plane of the ecliptic, the -X

axis is directed toward the center of the planet when the satellite

is at the ascending node position in the orbit plane. See Fig. C-2.

Solution: With the above information, the Generalized Computer Pro-

gram can be input and total absorbed heat fluxes shall be in Btu/hr-

C-8
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Hp = 600 KM X"

. "Y . P -4----- "

s"_'_"°::s-_'-'---/_,_i'i, zIY z""l'XJ "_,,,,_CT,ONOF
__Z.---_b,//1"I',, I h,, SA'r.ELUTEMOTION

c_ _IB_.,'!! ',__Z I / \

::,,0o
_ ' ; .

_ H,:: 1000,,::,',,,

s

. °

I

Fig. C-I IrLitial Frablem Case I Satellite Orbit

• 4, . 3.2,//

SURFACE A J .,,Z'_ 4.5, ../__ _

_/_ = .22/.o6 --_1 / /_ / ;oo
i _V/' _/ . /__Z/ / -I- _y

//. g'_'_._s/86/ /__u._,,,,.:_c
V / " = /.o,,,/ / o,/_ = .4V.48

X /_ ; "

Fi_. C-2 Initial Problem Cas% Satellite Surfaces
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ft2 for the heat fluxes, and the orbit time shall be in seconds.

Complete orbital fluxes will be output, and each satellite, surface

will be considered as one node.

Block I Input: Block I is input as follows: _ne length conversion

unit "_iLl be 3280.8 ft/Km, and the gravitational constant is 28.9

ft/sec 2 from Ref. 6 in Appendix B. The planet distance to the sun

on 2 December 1965 is 0.723, 702, 600 astronomical units (a.u.)j

_ere I a.u. = 149.5 x 106 Km. _erefore, the distance to the sun

is input as (.7237026)(149.5 x 106) = 108.1935 x 106 Km

The planet radius of 6200 Km, the planet albedo of 70 percent, and

the constant effective planet temperature of 235°K are input, to the

progrsn. See Ref. 4 of Appendix B. The sun radius of 695,300 Km,

and surface te_erature of 5808.3°K gave the mean solar constant

measured at the Earth, so these values are used for Venus. The

Stephan-Boltzma,tu Constant, 1.797 x 10-8 BTU_r-ft2-_, is used

from Ref. 2 of Appendix Be

Delta angle _ is the negative of the heliocentric latitude tabulated

in Ref. 6 of _opendix B. For 2 December 1965, the latitude is

-2° I0' 13.9_ so _ is input as +2.172 degrees, i.e., the sun vector

is south of the ecliptic plane.

Block 2 Input: Block 2 is input as follows: Again, the length con-

C-10
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version factor is 3280. E ft2f_ndue to the given altitudes at periapsis

and apoapsis of 600 14Jnand IOO0 [{m, respectively.

The c_ _ anEle can be calc,_ated from spherical trigonometry and

Fig. C-3.

Omega _ngle _ _il! b_ 30o + 180 ° = 210 ° to the ascending node of

the satellite. Also, the inclinabion i _ill be 90° + 30° - 120°

by definition.

The heat fluxes are desired for the entire orbit with no starting

point specified, so @I " _ " O. Let the n_mnber _ @'s in the

orbit plane equal to 20 so that the heat fltux _iI be calculated

every 18 geocentric degrees.

Block 3 Input: Block 3 is input as follows: The satellite surfaces

are space-criented, so that _I = 180°, _ I 0°, and6Q I = _20 .

Block 4 Input-- Flock 4 is input as fol!o_: Each of the tbmee

satellite surfaces is referred to the X, Y_ Z coordinate system in

Fig. C-2,

Referring to Fig. C-4, the variables of surface k are determined as:

C-11
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PERIAPSIS

o / a"_"_'_----__ DIRECTION OF MOTION
OF THE SATELLITE

45

EARTH'S ECLIPTIC PLANE

SIN a
P

= SIN 45°/SIN 60 °

or a = SIN "I
P

.70711 _ .8 o_/ = 54

Fi_. C'3 Alpha (p)

! ,,,,..

_max = 1

Ny

X

Z

r-._--.____, z

V'

_y
1.5

Fig. C-_ Disk
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2 = o-urface type 270 ° = _" max

6- N_ R(x) - _.5

90° - _ tin 6Q = 90°

The solar absorptivity aqd albedo absori_ti'.___] are equal to 0.22,

and the emissivity is equal to 0.06. The input "_&lues for NVp,

r aund _ are left blank. _,ereforej

these val'Jes are zero fo:"surface A.

Referring to Fig. C-5, the variables of surface _ are deteuqnined as:

3 = surface t}._e 45° - _ m_x

- N# R(Y) -

6 = :[Y .28 = °_5

3 =# ._n .2 " _A

7.5=_max .86 - E

-3.

(Solar absorpti_.__ty)

(albedo .absorptivity )

The input values of NV/_, NV_j c_,_min, R(X), R(Z), _,_, _-]_2are

zero for surface B.

Refen'ing to Fig. C-6, the variables of surface C _re _i_r_ined as:

C-13
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l z /

_: -_._____._,___j

zX' ACE B

Fig. C-5 Trapezoid

.2

# _ R(Y) - 7.5_," _SURFACE CX
-,,7,

/ N/_
X'

Fig. C-6 Rectangle
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-I = surface type

6-N_"

-3.2 -# min

7._ = rma x

7.5 = R (z)

-120 o . r.Q

•41 =_
S

.41 - c(A

- c

The input values of NV_, NV _', _ ,_ max, R(x), R(z), _, and _"

are zero for surface C.

Block 5 Input. Block 5 is input as follows: The output of the

tables is the combined solar and albedo heat fluxes in the Flexsta

format. No card output'is required, but the variables are robe

printed out.

i.

C.2.2

The input cards for the initial case are punched as shown in Fig.

C-7, and are input to the computer in the order shown. The first

card, the Qmm, en% card, must follow the * DATA card for every

initial case. The output of the initial problem case is shown in

Fig. C-ll.

RESTART PROBLFM CASE

Problem: Determine the total absorbed heat fluxes on four satellite

surfaces for part of a circular orbit about Venus on 2 December 1965o

C-15
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Given: The satellite orbit plane will be inclined to the Earth's

ecliptic by 60 ° , and will pass about 30 ° (measured in the ecliptic)

from Venus' subsolar point. The periapsis will occur in the sun,

I0 geocentric degrees (measured in the satellite orbit plane)

south of the ecliptic plane. The satellite will be traveling

south to north at peziapsis which is at an altitude of 350 n.m.

The planet oriented satellite surfaces will be positioned in orbit

so that the z and y axis lie in the plane of the ecliptic, the

-y axis is directed toward the center of the planet when the satel-

lite is at the ascending node position in the orbit plane. See

Fig. C-8.

The heat fluxes are necessary only while the satellite is north of

the ecliptic plane, and the tables are to start at the ascending

node when the orbit time is I000 seconds.

The satellite surfaces are described in Fig. C-9 in which surfaces

A, B, and C are the same as shown in Fig. C-2. Surface D, for

which two separate heat fluxes are desired, is added in Fig. C-9.

Solution: With the above information, the restart )roblem case

(inputting information following the initial problem) can be com-

pleted. The system of units for the output shall again be BTJ/hr.-

ft2 for the heat fluxes and the orbit timein seconds.

C-16
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X", Y", Z" = Orbit Plane Coordinate System
X,Y, Z

P

t_-I 6--64-1

Y"

= Central Coordinate System I _' Z"

II 'q

/

DIRECTION OF
SATELLITE MOTION

H
P.__

// ':
,_ // /_L\3°7'A

f SATELLITE SURFACES

= 350 N'M. -PERIAPSIS Y

SURFACE A
_/_ = .22/.o6

Fig, C-8 Restart Problem Case, Satellite Orbit

3' N_

SURFACE D
_/_ = .94/.85

30 °

'1 _y=y,

i
Z' = X

i
ol
1

SURFACE B
_/c = .28/.86

!

SURFACE C
_/_ = .41/._

!

Fis. C-9 Restart Problem Case, Satellite Surfaces

C-19

'.

LOCKHEED MISSILES & SPACE COMPANY

/_



M-1 6-64-1

Block 1 Input. Block I is not input for this restart because the

planet data has not changed from the initial case.

Block 2 Input. Block 2 is input as follows: The length conver-

sionfactor is 6076.1 ft/n.m, with the apoapsis and periapsis of

350 n.m. The _p angle will be 350° by definition, with @I of I0 °

for the initial value in the heat flux tables at the ascending node.

The end of the tables at the ecliptic plane, @F, will be 190 °. The

inclination angle, i, will be 60°, and the Jl will be 30° by

definition.

Let the number of delta theta's, _@'s, be 12, so that the heat flux

will be calculated every 15 geocentric degrees. The initial time

is I000 sec.

Block 3 Input. Block 3 is input as follows: The satellite sur-

faces are planet-oriented, therefore, _I = 120°,_Wl " O_ and_i -

9o0.

Block 4 Input. Block 4 is input as follows: Each of the four

satellite surfaces is referred to the x, y, z coordinate system in

Figs. C-I or C-7. Surface A, B, and C are the same for this re-

start as the initial case.

c:2o
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Surface D is to be broken into two nodes as shown in Fig. G-7j so

the variables of surface D are determined as:

1 = surface type

3-N/) h._ - _m=
4 = NS" .94 = .. s
2- NV?J .9_3 = aft
1 = sv_" .85-
=3 "I,,,4- F = -9oo

The input values of _, /_min, Ymax, R(x), R(y), R(z), _, and ¢u

ape zeros

Block 5 Input. Block 5 is input as follows: The output of the tables

is to be the solar and albedo in separate tables in the Flexsta

format. No card output is required, but the variables are described.

The input cards for the restart are punched as shown in Fig. C-IO,

and must follow directly the Block 5 card of the initial case shown

in Fig. C-7. If this is the only restart, nothing will follow the

Block 5 card in Fig. C-IO. The output from the restart is shown in

Fig. C-II.

C.2.3 DISCUSSION OF SAMPLE PROBLEM

•For the initial case, the satellite heat flux tables start at

periapsis which is in the planet's shadow. The satellite leaves

the planet shadow at 370. sec and enters it at 4634.3 sec. Note

C-21
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that the rectangle surface, C, receives a small a,_unt of albedo at

the terminal point after the satellite has entered the planet's

shadow azJd that a small a_ount of this reflected energy is absorbed

by the disk and the trapezoid.

For the restart case, a statement is written out after Block 5 of

the input variables to explain the zero printed out in the variable

output. The initial satellite time was IOO0 sec and the final time

was 4059.6 sec which occurred 180 geocentric degrees later. The

satellite entered the planet's shadow at 2697.2 sec at which time

both the albedo and solar fluxes become zero. The planetshine for

all nodes remain constant which is expected for a planet-oriented-

circular-satellite over a constant temperature planet. However,

note the difference in the solar, albedo, and planetshine "both

total absorbed and direct incident radiation for the two nodes on

surface D. This difference for identical node size, shape, and

surface optical properties is due to the different shading of these

nodes by adjacent surfaces. It should be recalled by the program

user that the heat flux calculations are based on the average view

factors for each node, hereby making it desirable to make node

areas small for more precise local surface area heat fluxes.

The computer run time for this sample problem, both the initial

case and the restart, was 0.057 hr_ from the "on-line" printer.

"L
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OPEN* CONTROL NO, DATE NEEDED PA IORITY

LOCKHEED MISSILES & SPACI[ COMPANY

80 COLU_I WORKSHIEET

FORM LMI¢ illl7ii

PAGE .... OF

; 1 i

: i

!

I

I

I

I

Fig. C-10 Restart Problem Case,"

Input Data
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VirUS 3R61YER, 2 _EC.|q6S, CO_FIGuRACTIONS NO. |t2

| PLANkT niT& FOR VENUS Go328OOE 04
_RAVlTATIO_AL CONSTANT m 0.20NODE 02
PLANE! DISTANCE TD SUN s 0.|08|9E Oq
PLANET AL_[DD. PERCENT • 0.73000E 02
PLAN[| RADIUS • O*62000E 04
SU_ RADiuS • 0.69530E 06

SAT_LL/TE ORB|T O.3280eE 04
INITIAL THETA ANGLE SoDo
FI_AL T_ETa ANGLE s-O.

INCLIMATI@_ ANGLE • 0012000E 03
OMEGA ANGLE • 0.2100CE 03
ALP_AIPI A_GLE • 0.$4800E 02

] SATELLITE ORIENTATION

SATELLITE ORBI/S NO. 6eC

5TEPHAh-ROL/Z_AN CONSTiNT - O.|TD?OE-O1
DARK SIDE _E_PERATURE • O.23SOOE O|
SUB-SOLAR TEMPERATURE " 0.2)500E O)
SOLAR TE_Pt[RATUAE m OeSSOOJE 04)
CELT& ANGLE " O.Z|?2OE O|

NUNBER OF DELTA THETA*S • 20

ALTITUDE OF PERI&PSIS " 0.600ODE O)
ALTITUDE OF APOAPS/S " O.L0000E 04,
INITIAL TI_E -°0.

INITIAL P_I • 180.0
I_ITIAL PSI • -0.
I_|TIJU. OMEGA •-120.0

O_IENTATIONI lvPLANETt2•SPACEla 2

SATFLLITE SURFACES NUNBER OF SURFACES • 3 PERCENT ERROR - 10.0
Z 3 6 -0 -ODISK SUaFACE R. &/E=.ZZI°O6

°D. -0. 0.90000E 02 0.1§000E 01 0.2TOOOE O)
0.220 _.220 -0. -0. C.|5000E O|
0.060 -0. -C. -DoqOOOOE 02

) b 6 -_ -_TRAP. SURF.Bt AlE ".281.66

-0. 0.30000E Ol -0. O,T_OO0_ Ol O.A$O00E O|
0.280 0.280 -0. -0.30000E 01 -O.
0.bbO -0. -0. -0.

-| 6 6 -0 -O_[C|. SURF.C, A/E ".A|l._O

-0. -O.3ZO00E 0| -0. -0. O.?SO00E 0|
0.410 0.410 -0. O.7SO00E 01 -0°

0.480 -0. -0. -O.|ZOOOE O|

()UTPUT VAAIARLE.S TA6LES• | FORMAT • | CAROS • O VARIABLES n

SURFACE SHADINGI-|=NOe |eYES| s |°

-:_.'. •
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i.

PERCENT TIME IN THE SUN " 67.4

ORBIT ECCENTRICITY - 0.0286

SOLAR CONSTANT - O.B4_TSE 03

ORBIT PERIOD - 0.6323BE 04

RADIATION CONSTANTS FOR VEHICLE NODES.
K! It 2) •
K! It 31 •
K| 2t 3) "
K( 3t 61 z
K! lt2l) •

K( 2121) •
KI 3t21.) s

O.B5826E-XO
O.|3X55E-09
0.32610E-09
O.
0.35932E-OB
0.2829XE-07
0.2064BE-06

M-16-6_.I

ALPHAfS) ANGLE - 220.6

BETA ANGLE - -24.,6

SPACE • NUMBER 2|

c_6



L

.o

Do63238E D4

O.
O.298TTE 03

D.37000E 03
O. 3700DE 03
0.59qt4E 03
0.90263E O3
D.I2IO4E 04
D. 15234E 04
D.1LB42LE 04
0o21662E 04
0.2495|E 04
D.ZBZ76E 04
D.316IOE 04
D.34qb2E 04
D.$B287E 04
D.4[ST6E D4
0.44BLTE 04
D.46343E 04
Do46343E 04
Oo4BOO3E 04
OoSI133E 04
0.54211E 04
Do57246E 04
Do60250E 04
O,b3238E 04

D.63238E 04
O.
D.ZgB77E 03
0.37DOOE 03
O°3TOODE 03
0.59g L4E 03
0.90263E 03
0 .'t z't o_E .04
D. 15234E 04

O. 18421E 04
0.21662E 04
0.24951E 04
O°282T6E 04
O.3[bIDE 04
O° 34962E 04
Oo 38287E 04
0o41576E 04
0.448|7E 04
Do&6343E 04
0.46343E 04
0.48003E 04
0.51133E 04
0.54211E 04
0.57246E 04
0o60250E 04
0o6323BE 04

O°

O.
O°

D.I4070E D2
0.1407TE 02
0,15447E OZ
D.67918E 02
O. |55TqE 03
0.23397E 03
O. $O90EE 05
0.2q137E D3
0.2 3928E 03
0.15606E 03
0.81632E D2
O.2q26TE 02
0.16788E 02
O. 14085E 02
0.14071E O2
O. $0483E-03
O.
O.
0°
O.
O.
O.

D.?7027E DO
Oo t6089E DI
0,; i.8778E O|
O.I.ST78E OIL
0.2826ILE 01
O°42TO6E OIL
0,55344E Ot
O. 67877E O|
0.73223E OIL
0.83234E OL
O. 74835E O|
0.6486gE OIL
O.495BgE O|
0.377D6E OIL
0.23752E OIL
O. 12915E OIL
0.59823E O0
0.43380E-00
0.43380E-00
Oo 33635E-00
O. 33226E-00
0 • 32649E-00
O. 28628E-00
Oo 31116E-O0
O.T7027E O0

]._-16,,64.-1

SOLAR • ALBEDO, TOfAL ABSORBEO
DiSK SURFACE A, AIEu.Z21.Ob

PLANETSHINE, TDTAL ABSORBED
DISK SURFACE i. 4/E'.221.06

J
. .

1
°.

¢-27



4

0.6323BE 04
O.
0.29871E 03
O.3TOOOE 03
O. 37000E 03
0.59914E 03
0.90263E 03
0.12104E 04
O. 1523_.E O4
O. 18421E 04
0.21662E 04
0.24951E 04
0.28276E 04

0.31610E 04
0.34962E U4
0,38287E 04

0.41516E 04
0.44817E 04
0.46343E 04
0.46343E 04
O.4gOO$4E 04
O.Sl| 33E 04
O.54Z|IE 04
O. 57246E O_
0.60250E 06
O.63Z38E 04

0,63238E 04
O,
0.2987TE 03
0,37000E 03
O,3?O00E 03
0,599|4E 03
0,90263E 03
0,12104E 04
0,15234E 04
0,18621E 04
0.21662E 04
0.24951E 06
O,282TbE 04
0,3|610E 06
0,36qbSE 06
O,38287E 04

O.BLS?6E 06
0.6681TE 04
0.46363E 04
0.46343E 04
0.4BOO3E 04
0,51133E 04
0,54211E O4
0.57246E 06
0,60250E 04
0,63238E 06

_-;.-1_-_-1

O.

O.
O,

0,30L5|E O|
O. 30166E O|
0,32546E 01
0.83692E OIL
0,19105E 02
0o36294E 02 .
O,S61B6E 0 Z 1
O,?SbO3E 02
O,BqTl4E 02
0.90264E OZ
O. TO3OTE 02
O, 35333E 02
0.51118E 011.
O,301LB3E 01
0,30152E 01l
O. 10818E-03
O,
O°
O,
O,
O,
O,

SOLAR * ALBEOO¢ TOTAL ABSORBEO
TRAP. SURF.Bt AlE-.281.86

PLANETSH|NEt TOTAL ABSORBED
0.64010E O| TRAP. SURF.B, AIE ,,.28/.86
0.61135E Ol
0.64687E 01

0.6468TE OI
0,62435E 01
0.68S44E 011
O. 78696E 01
O. |01SIE OZ
0.14160E 01,
o.IqI31E 02
0,23966E 02

- 0.29414E 02
O. 34749E 02
0,381511E 02
0.3931qE 02
O, 3821L 3E OZ ."
O, 3449TE 02
O. _llgTlI, E OZ
O,31BTIE O2
O, 29020E 02
O, 2313qE 02
O, 1161LOE 02
O. 12626E 02
O. 88146E OI
0.64020E O|

ir.-28
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0.63238E 04
O.

O. ,7.9877E 03
O.3TOOOE 03
O.3TOOOE 03
O. 599|4E 03
O.qOZ63E 03
0.121.04E 04
O, 15234E 04
O, IB421E O4
0.21662E 04
0.24951E 04
O.2BZT6E 04
0.31610E 04
O. 34962E 04
O. 382BTE 04
0.41576E 04
0.448 J.TE 04

0.46343E 04"
0.46343E 04
0.48003E 04
0o51133E 04
0,54211E 04
O.ST246E 04

0,60250E 04
0,6323BE 06

0.6323BE 04
O.
O. 27877E 03
O,3700DE 03
0.37000E 03
O. 59q 1.4E 03
O, 90263E 03
0.12104E O4
O. 1.52 34E 04

0.18421E 04
0.21662E 06
0.24951E O4
0,28216E 06
0.3|610E 04
0.34962E 04
O° 38287E 06
0°4|516E 04
0.44BITE 04
O.46343E 04
0.46343E O4
0°48003E 06
0.$11 33E 06
0.54211E 06
0._724bE 06
0,60250E 06
0,63238E 06

P,,-16,,-64-1

Oe

O.
O.
0.41776E 04
O. 4179"/'E 04
0.42228E 04
0._2163E 04
0.41940E 04
0,42013E 04
0,4209SE 04
0.42358E 04
O,43TB4E 04
0,46315E 04
0.48568E 04
O,48]L31E 04
0.4368BE 04
0._1820E 04
O,41T7TE 04
O. 14989E-O0
O.

O.

O.
O°

O.
O.

SOLAR ÷ ALBEOOt tOTAL ABSORBED
RECT. SURF.C, AlE ...41L/.4B

PLANETSH|NEt TOTAL ABSORBED
O.Z4ZEOE 03 RECT. SURF,Ct AlE-.4|/.4B
O. 16tTOE .03
O. 1430qE 03
0,14309E 03
O,BbTS4E OZ

O,40Tq6E 02
O. LL784E 02
O, 39363E OIL
0.39774E 01
O.4SZT4E Ol
O. 7TqTOE O|
0.25483E OZ
0,6235|E 02
O, 12030E 03
0.19551E 03
O.ZB$SOE 03
0.36T48E 03
0.40504E 03
0.40504E 03
0.4354|E 03
0.4670BE 03
O.46ZSBE 03
0.40760E 03
0.33392E 03
0,24220E O3
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2

O.63238E 04
0.
0.29877E 03
O.3TOOOE 03
0.37000E 03
O. 59914E 03
0.90263E 03
O. 12104E 04
O. 15234E 04
0.18421E 04
0.2!662E 04
0.24951E 04
O.282T6E 04
0.31610E 04
0°34962E 04
0.38287E 04
0.4|576E 04
0.4481TE 04

0.46343E 04
0.46343E 04
0.48003E 04
O.5LL33E 04
O.54211E 04
O. 57246E 04
0.60250E 04
0.63238E 04

0.6323BE 04
O.
O.Z9877E 03
O, 37000E 03
O,3TOOOE 03
O. 59914E 03
0.90263E 03
O. 12|04E 04
0.1S234E 06
0.18421E 04
0,2|662E 04
0.24951E 04
0.28276E 04
O.3L610E 04
0,34962E 04

0,3il287E 04
0.41576E 04
O.44I|TE 04
0.46343E 04
0.46343E 04
0,48003E 04
O.SL|33E 04
O,$q2ilE 04
0.57246E 04
0.60250E 04
0.63238E 04

O°

O.
0.
O.
O.
O. 156711E OI
0.68896E OZ
O. 18162E 03
0.2815|E 03
O.37733E 03
G.35377E 03
0.28565E- 03
0.17494E 03
0.81537E 02
O. |564LE 02
O.
O.

O.
0.
O.
O.
O.
O.
O.
O.

SOLAR + ALBEDO, DIRECT INCIDENT
DISK SURFACE At A/E-o221.06

PLAI_TSHINEt DIRECT INCIDENT
0.2832TE O| DiSK SURFACE A, AIE-.221.O&
0.10461E Ol
0.83766E O|
O.8)T64E O|
0.13032E 02
0.1999|E 02
0.26042E O_
0.31972E O_
0.34483E OZ
O.39192E 02
O.35210E 02
0.30440E 02
O,i)103E 02
O. LT304E 02
O.I0677E 02
0.50777E O|
O.iSSllE OI
O,65994E O0
0.6S994E O0
O.LOISZE-O0
O.
O.
O.

0.36483E-00
0,21327E O|
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I •

+
L .

ti

O. 632 38E
O.
O.298TTE
0.37000E
0,31000E
0.5qqI4E
0.90263E
O. 12104E
0.1_234E
0.18421E
0.21662E
0.Z4951E
0.28276E
0.31610E
0.34962E
O. 382 87E
O°4P576E
0. 4481TE
0.46343E
0.46343E

0.48003E
0051133E
0.54211E
0.57246E

0.60250E
O°63238E

0.63238E
O°
O.2qSTTE
0.3TO00E
O. 3TOOOE
0o59914E
0.90263E
0.12104E
0,,15234E
0.18421E
0.2166ZE
0.24951E
0.28270E
0.31610E
0.34962E
0,38217E
0.41576E
0.4481lTE
0,46343E
0.46343E.
0.48003E
0.51133E
0.54211E
O.STZ4&E
0. (b02 S0E
O.63238E

04

03
03
03
03
03
04
04
04
04

04
04
04
04
04
04
04
04
04
04
04
04
04
04
O4

O°

O.
O.
O.
O.

O. 33644E-00
0.75556E OI
0.2382gE 0Z
O.52944E 02
O. 87403E 02
0.12555E 03
O. 15508E 03
0.16003E 03
O.IZSO6E 03
0.60546E 02
O. 50266E Ol
O.
O. •
O°
O.
O.
O*
O.
O*
O°

04

03
03
03
03
03
04.
04
04
04
O4

04
O4
04
04
04
04
04
04
04
04
04
04
04
04

0.36114E
0.33585E
0.35010E
O.3SOIOE
0.3203ZE
0.33095E
0.3692qE
0.52266E
0.1'6156E
0.10129E
0.13322E
O. 16qJ45E
0020583E
0022924E
0°23088E
0.23352E
0.21106E
O.IS465E
O.tq"b_SE
0017676E
0.13gbqE
0010517E
O. ?45q 3E
O.SI3TTE
O.361,1L4E

01
01
01
Ot
01
O!
ol
Ol
01
o2
02
02
02
02
02
02
02
OI
02
O|
O|
02
01
Ol
+01

SOLAR 4" ALBEDOe DIRECT INCIDENT

TRAP. SURF. Bt AlE ,,.28p.86

PLANETSHINE, DIRECT INCIDENT
TRAP. SURF.Be A/E-.28/.86

c-3r

/,o7



H-16.-_1

S

6

0.63238E 04
0.

0.29877E 03
0o37000E 03
0.3/00OE 03
0.$99 |akE 03
0°90263E 03
0,12104E 04
O. 15234E O_
0.184Z|E Oak
O.Z1662E Oak
0.2ak9SIE 04
0.28ZT6E Oak
0.3161DE Oak
O. 3ak962E Oak
0.3828TE Oak
O.ak|ST6E Oak
O.akakll 1TE Oak
O.akb3ak3E Oak
O.ak63ak3E Oak
O°ak8OO3E 06
0.51133E 06
0.Sak211E 06
O.5TZak6E Oak
0.602SOE 06
O.63Z38E 06

0.63238E Oak
Oe.

0.29877E 03
O. 37000E 03
O.3TOOOE 03
O. Sq9 |akE 03
0.90263E 03
O. 1210akE 06
.0. 1523akE Oak
O.18ak21E 06
O.Z|662E Oak
O°2ak9SlE Oak
0.2821'&E Oak
0.316|0E Oak
O;36962E Oak
0,38281rE Oak
O.41576E Oak
0,441117E 06
O,_ak63ak3E 04
0.46343E 04
0.680038 Oak
0.$1133E Oak.
0.$4211E Oak
0.$7246E 06
0°60250E 04

• 0°63238E Oak

De

0.
O.
0.42ak&OE 03-
O.42ak61E 03
0.42897E 03
0.427751[ 03
0.42akS3E 03
O._2ak40E 03
O.ak2440E 03
0.42722E 03
O. 4ak222E 03
O.ak_SSSE 03
0.492S6E 03
O.ak8875E 03
0.44381E 03
0.42akBSE 03
O.ak_'441E O3
0. 15227E-01
0.
0.
0.
O.
0.
O.

SOLAR • ALBEOOt DIRECT INCIDENT
RECT. SURF.C, AlE ,,.4|/.4tl

PLANETSHINE, DIRECT INCIDENT
0.20988E 02 RECI. SURF.C, AlE ,,.411e4,11
Oe 13960E OZ

0.12332E OZ
0.1,2332E 02 "
O° 73974E 01
0.33402E 01
0,7624ZE O0
0.22044E-01 •
0.
o.zts31 -o3
.o.3zzTakE-oo
o.,, o4oE oz --
O.SI?S2E O|
0.10261E 02
0. I61SSE 02
0.24718E 02
0.3|867E 02
0.35135E 02
O.351L3SE 02
O. 37776E 02
0.40527E OZ
0.40137E 02
0.3S367E 02
O.28970E OZ
0.20988E 02

,

t
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• 4

SATELLITE ORBIT

INITIAL THETA AN_LE

FINAL |HETA ANGLE

|NCLINATIO_ ANGLE

OntGA ANGLE

ALPMA|Pi ANGLE

| SATELLITE ORIENTATION

iNitiaL Pfl| • |20°0

INITIAL PSi * -0.
INITIAL ONEGA e 90.0

O.AO?tl[ O4

• 0.L0000[ 02

" 0.190004E O)

- O.AOOOOE 02

- 0.10000E 02

* O._SOOOE 0)

kUmiEA OF DELTA TN[TAeS

KTITUOE OF PER|APSIS

KTITUOE OF APO&PSIS

INITIAL lINE

ORIENTATION! |oPLANET,2eSPACE|J |

SATELL IrE St_FACES NUiqBER OF SURFACES • 4 PERCENT [RROA • |0.0

2 3 6 -0 -ODIS_, SURFACE Ae AlE e.2Zl.06

-0. -0. 0.90000[ 02 0.15000E 0| 0.2TOOOE 05

0.220 0.220 -0. -O. 0.|1000E 0|

0.060 -0. -0. -0.90000E O_

3 5 6 -0 -OTRAPAZQ|O, SURFACE I, AlE -.2el.l14

-3. 0.)0000E 0| -0. 0oT$O00E O| 0.4_000E O|

0.200 0.200 -0. -O.)O000E 0| -0.

0.860 -0. --0. --0.

-! 4 6 "-0 -ORECTRNGLE, SUqFAC[ C* AlE •.6|1•60

-0, -0.3Z000E O! -O. -0. O.TSOOOe 0|

0.410 0.610 -0. 0*T5000E 01 "O.

0.480 -0. -0. -O.1_000E 03

t 3 4 2 IAECTANGLESt SURFACE O, .94o.q10,.15

-0. -0. -0.30000E 01 0.4$000E O1 -0•

0.940 0.900 -0. +0. -0.

0,850 -0. -O.S0OOOE 02 -0.

OUTPUT VARIABLES /RILES * 2 FQINAT - 1 CARDS e 0 VAtIiOLES e S

PFNCEqT TINE IN SUN NOT CALCULATED FOR PAITItL DRIll

0.1S000E 03

• O.)SO00E 03

• O.IO000E 06

SUlPiC| SNAOIMGI-I-NO, l-YESl • I.

C.-.;3

t
~

-°



PERCENT TIME IN THE SUN- Oe

ORBIT ECCENTRICITY • 0.

.SOLAR CONSTANT • 0.86672E 03

• ORBIT PERIOD - 0.61192E 0¢

RADIATION CONSTA'¢TS FOR VEHICLE NODES.
K( |t 2) • 0.90866E-|O
K( 1, 3) "
K( |t 6) -
K( 1, S! ',
KI 2t 3) -
K( 2, 61 -
K( 2o S) •
KI 3, 6) -
KI 3e 5) "
KI 61 5) "
KI 5, 6) "
KI 1,21) "
K( 2,21) •
K( 3, 211 "
K( 6t21) "
K( 5,21) "

0.13638E-09
0.60163E-09
0.15181E-09
0.36834_E-09
0.35312E-08
0056658E-08
0.19469E-08
0.32105E008
0050153E009
O.
O.28316E-OB
0.19189E-OT

0.20126E-06
009695BE-OT
0.93686E-07

ALPHAfS) ANGLE •

BEtA ANGLE • 24.6

SPACE 8 NUNIEB 21

8°0

C-34



3
°.

T

O. |O000E 04
O. IZ550E O4
O. 15099E 04
0.17649E 04
0.2OlqOE 04
0.22748E 04
0.2S298E 04
0,26972E 06
0.269?2E 04
0.27848E 04
0.30397E 04
0.32967E 04
0. 354qTE 04
O. 38046E 04
0.40596E 04

0.10000E 06

O.|2SSOE 04
0.|5099E 04
0.|7649E 06
0.20|99E 04
0.22748E 04
O.252qeE 06
0.26972E 04
O.26972E 06
0.27848E 04
0.30397E 04
0.32947E 04
0.3549?E 04
0.38046E 04
O.605qbE 04

0.|0000E 04

O.|2SSOE 04
0. XS099E 04
0.|7649E 06
0.20199E 04
0.22748E 04
0.25298E 04

0.26972E 04.
0.26972E 04
0,2784BE 04
0°30397E 04
0,3294TE 04
0.3S49TE 04

Q°38046E 04
0.40S96E 04

H-16-64--1

SOLAR, TOTAL ABSORBED
0.40|6BE 03 DISK, SURFACE A, AlE "-22/-06
0.45769E 05

0.40754E 03
0.28473E 03
0,|451|E 03
0.286SOE 02
0.33156E 02

, 0.34997E 02
O.

O°

0.
0.
O°

°

O.

ALBEDO, TOTAL ABSORBED
0.15355E 02 DISK, SURFACE A, A/E -.22/.06
0.13740E OZ
O.||190E 02
0.TnTTbE O!
0.40390E 01

0,68566E 00
0.18090E-01 •

0

0.
0°
O.
0°
O.
0.
O°

0.39391E-00 O|SX,

0.3939|E-00
0,3939|E-00
0.39391E-00
0.39391E-00
0.3939|E-00
0.39391E-00
0,3939|E-00
0,3939|E-00
0,39391E-00
0.39391E-00
0,39391E-00
0,3939|E-00
0.3939|E°00
0.3939|E-00

PLANETSH|NEe TOTAL ABSORBED
SURFACE Ae ,EYE ".221.06

c- 5



4

"S

6

/
O. LOOOOE 04
0°12550E 04
0.15099E 04
0,17649E 04

0.20199E 04
0°22?48E 04
0.25298E 04
0.26972E 04
0,26972E 04
0.27848E 04
0.3039TE 04
O.32q47E 04
O.3S4q?E 04
0°38046E 04
0.40596E 04

0.10000E 0_
0.12550E 04
0.15099E 04
0.17649E 04
O,2019qE 04 _
0.22748E 04
0.25298E 04
0.26972E 04
0.26972E 04
Oo27848E 04
0.3039TE 04
0,3294TE 04
O.35497E 04
0.3SO46E 04

0.40596E 04

O,IO000E 04
O.125SOE 04
0.15099E 04
0.17649E 04
0,20199E 04
0.22748E 04
0.25298E 04
O.26972E 04
0.26972E 04
0.27848E 04
0.3039TE 04"
0.3294TE 04
0.3S497E 04
0.38046E 04

..0.40596E 04

SOLAR, TGTAL ABSORBED
O.T|OS3E O,• TRAPAZOID, SURFACE Bt AlE *.28/.B6
0,12853E 03
0031052E 03
0°40945E 05
O.43732E 0tI
O. 44244E 03
0.42718E O3
0.40453E 03
O°
O.
O°

0°

Oo _

O.
O,

ALBEDO, TOTAL ABSORBED
0.29734E OZ TRAPAZOIO, SURFACE Bl AlE ".281.86
0.27354E 02
0,23104E OZ
O.17274E 02
0,1027tE 02
O. 30008E 01
O. ! 1812E-00
O0

O°
O°
O°
0°
O°
O°
O,

PLANETSHINE, TOTAL ABSORBED
O.q3qOOE Ol TRAPAZOID, SURFACE Be A/E e.Zilo86
O.93qqOE Ol
O. 93990E Ol
0,93990E 01
O.93990E 01
0.93990E 01L
0.93990E Ol
O.q3990E 01
0.93990E 01
O.93990E 01
O. 93qq(_E OIL
0.93990E 01
0093qqOE OI
0.93990E 011,
O.93qqOE 01L

c-:36



I

8

O.IO000E 04
0.12550E 04
0.15099E 06
O.17649E 04
0.20199E 06
0.22748E 04
0.25298E 04
0.26972E 04
0.26972E 04
0.27848E 06
0.30397E 04
0,32947E 04
0.354qTE 04
0.38046E-04
0.40596E 04

O.IO000E 04 '
0.12550E 04
O,150g9E 04
0.11649E 04
0.20199E 04
0.22748E 04
0.252qeE 04
O.26gT2E 04
0.26972E 04
0,27848E 04
0.30397E 04
0.32947E 04
0.35497E 04
0.38046E 06
0.40596E 06

0.10000E 06
0.|2550E 06
O.150qqE 06
0o1766qE 04
0.20199E 04
0.22748E 06
0.25298E 04
0.26972E 06
0.26972E 04
0.27848E 04
0.30397E 06
0.32947E 06
O.3S4qTE 04
0.38046E 06
0.40596E 06

SOLAR, TOTAL ABSORBED
0.43865E 02 RECTANGLE, SURFACE C, A/E-°411,48
0.51032E OZ
0,4986gE 02
0.87320E 03
0.27535E 06
0.44784£04
0.sgg4gE 06
0.6813|E O_
O0

0.
0.

'0°."

O° ..

0.
0°

ALBEDOt TOTAL ABSORBED
0.37896E 06 RECTANGLEt SURFACE Ct AlE -.6|1.68
0.33833E O_
0.27482E O_
O° Ig278E 06
0.97977E 03
0.15698E 03
0.387|5E 0|
O.
O0

O°
,0_

0°
O.
0.
O.

PLANETSHINE, TOTAL ABSORBED
0.65247E 03 RECTANGLEt SURFACE C t AlE -.411.48
0.45247E 03
0,45247E 03
0.45Z47E 03
0.45247E 03
0,4526TE 03
0.45247E 03
0.45247E 03
0.4S247E 03 ._
0.45247E 03
0.45247E 03

• 0.45247E 03
0.45;[4TE 03
0.45247E 03
0.45247E 03

0-37



[0

1!

12

O.|O000E 04
O.125SOE 04
0.|5099E 04
0.17649E 04
0.20|99E 04
0.22748E 04
0.25298E 04
O.26972E 04
O.26qT2E 04
0.27848E 04
0.30397E 04
0.32947E 04

O.3SAqTE 04
0.380_6E 04
0.40596E 04

0.10000E 04
0,12550£ 04
O.|509gE 04
O.1764qE 04
0.20|99E 04
0o22746E 04
0.25298E 04
0.26qT2E 04
0.26972E 04
0.27848E 04
0.3039TE 04
0.32q_7E 04
0°35497E 04
0.38046E 04
0.40596E 04

O.lO000E 04
O.|2SSOE 04
O°|509gE 04

0.17649E 04
0.20|99E 04
O°22748E 04
0.25298E 04
O.26972E 04
0.26972E 04
0.27848E 04
0.30397E 04
O.32q4TE 04
0.3549TE 04
0.38046E 04
0.40596tE 04

SOLAR+ TOTAL A6SOR6EO
0.2TOA|E 03 RECTANGLESt SURFACE De .94e.90e.llS

O,32371E 03
0.35251E 03
O,55qOOE 03
O. 71L280E 03
O, 10503E 03
0,61813E 03
0.4618|E 03
O.
O.
O,
O.
O.
O.
O,

ALBEDOe TOTAL ABSORBED
0.60052E 03 RECTANGLE Se SURFACE De ,94e.90e.85
0.$39|6E 03
0.43921E 03
O.30TAqE 03
O.lSAlSE 03

0.250TZE OZ +
Oe60272E O0
O.
O.
O.
O.
O.
O.
O.

O*

PLANETSHINEe TOTAL ABSOt.BED
0.59397E 02 RECTANGLES, SURFACE Ot .94e.90,.85
0.59397E OZ
0.5939TE O_
O.S93qTE 02
0.5939TE OZ
0.5939TE OZ
0.$9397E 02
O.59397E 02
0.5939TE 02
0.5939TE 02
O.S939TIE 02
O.Sq3qTE 02+
0.5939TE O_
O.Sq3gTE 02
0.5939TE 02

0.._8



°,_

13

14

IS

O,[O000E 04
O, 12550E 04
O, 15099E 06
O. 17669E 04
0.20199E 04
O. 2276BE 06
0.2529BE 04
0.26972E 04
0.26972E 06,
0.2784BE 04
0.30397E 04
O. 32947E 06
O. 35697E 04
0.38066E 04
0,40596E 04

O,|O000E 06
0,12550E 04
0°15099E 04
0,17649E 04
0o20199E 04
0.22768E 04
O,zSZgBE 04
0,26972E 04
0.26972E 04
0o27848E O_
0,3039TE 04

0o32947E 04
0°35497E 04
0,38046E 04
0,40S96E 04

O,IO000E 04
0,12550E 04
0.|5099E 04
0°|7649E 04
O.ZO|99E 04
0,2274BE 04
0,2529BE 04
O°26972E 04
O,26972E 04
O,2T84BE 04
0-3039TE 04
0,3294TE 04
Oe3S49TE 04
0°38046E 06
0,40596E 04

SOLARe TOTAL ABSORBED
0.99390E 02 RECTANGLESt SURFACE De e94te90, e BS
O. 1386|E 03
0.22796E O)
0.521|9E O)
O, 76.718E 03
O, 83440E O3
0,75985E 03
0.60752E 03
O.
O.
O°
O.
O.
O.
Oe.

ALBEDOe TOTAL ABSORBED
0.72107E 03 RECTANGLESt SURFACE De .94to901o85
O. 64750E O'l
0,52754E 03.
0.3693?E 03
0,18505E 03
0,28942E 02
0°67615E O0
O.
O.
O.
O.
O.
O.
O.
O.

PLAHETSH|NEt TOTAL ABSORBED
0o70626E 02 RECTANGLES° SURFACE De ,94, o90e.85
O°TO624E 02
0.70624E 02
O. 70624E 02
Oe70624E 02
0.70624E 02
O. 70624E 02
O, 70624E 02
O. TO624E 02
O. TO624E 02
O. TO624E 02
O, TO624E 02
O. TOBZAE 02
O, 70624E 02
O, 70624E 02

I
C-39
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2

O.IO000E 06
0.12550E 06
O.|sOqqE 04
0.|7649E 04

O.ZOI99E 04
0.2274BE 04
0.25298E 04
0,26972E 04

0.26972E 04
0.27848E 04
0.30397E 04
0,3294TE 04
0.35497E 04
0°38046E O4
0°40596E 04

O.IOOOOE 04
O.12S50E 04
O.1S09qE O_

0.|7649E 04
0.20199E 04
0.22748E-04
O.25298E 04
O.26972E 04
0.26972E 04
O.27648E 04
0.30397E 04
0.32947E 04
0.35497E 04
0°38046E 04
0°40596E 04

Oo|OOOOE 04

0.12550E 04
0.|5099E 04
0.17649E 04

0.20|qgE 04
0.22748E O4
0.25298E 04
0.26972E 04
0,26972E 04
0.27848E 04
0.30397E 04
0.32947E 04
0.3549TE 04
0.38046E 04
O°60SgbE 04

SOLAR, DIRECT INCIDENT
0.51334E 03 DISK, SURFACE A, AJE -°221.06
0.58315E 0)
O.SI2OOE O)
0.34644E O)
0.15741E O)
O.
O.
0.

0o
0.
O°

0,
O°
O.
O.

De

0.
0.
0.
O.
0.
O.
0.
O.
0.
O.
0.
O.
O.
0.

ALBEOOt DIRECT INCIDENT
DISK, SURFACE A, A/E "°221.06

O0

O.
O,
O.
O.
O.
0.
O,
O.
O.
De"

O.
O.
O.
Oo

PLANETSNINE, DIRECT INCIDENT
DISK, SURFACE Ae A/E -e22/.06

C-40



5

6

O.IO000E 04

0.|2550E 04
0.15099E 04
0.17649E 04
0.20199E 04
0.22748E-04
0.2529BE 04
0°26972E 04
0°26972E 04
0°2784BE 04

0,3039TE 04
0°32947E 04
0.35497E 04
0.38046E 04
0.40596E 04

O. IOOOOE 04
O. 12550E 04
0.15099E 04
0.1 ?64qE 04
0.2019qE 04
O.22748E 04
0.252q8E 04
O°26g??E 04
0o2697_E 04
0°27848E 04
0.30397E 04
0.32947E 04
0.35697E 04
0.38066E 04
0.40S96E 04

0.10000E 04
0.i2550E 04
O.ISOqgE 04

O.t764qE 04
0.20199E 04
0.22745E 04
0.25298E 04
0.26qTZE 06
0.26972E 06
0.27848E 04
0.30397E 04
0.32947E 04
O,3S_9TE 04
0.38046E D4
D,40596E 04

SOLARe DIRECT INCIDENT
0.11587E 03 TRAPAZOIDt SURFACE 6, A/E -.28/,86

0.22333E03
O.STSI7E 03
0.76944E 03
0.82693E 03
0.84032E 03
0.80922E 03
0°76514E 03
0o
0.

.0.
0o
,De
O.
O.

ALBEI3O, DIRECT INCIDENT
0.47777E02 TRAPAZOIO, SURFACE Be AlE -.281,86
0.44184E O2
O. 37580E 02
0.28414E OZ
0.17320E 02
O. 53778E Ol
O. 2174TE-00
0.
O,
0.
O.
O.
Oo
0°
O.

PLANETSH|NEt DIRECT INCIDENT
0.4759DE Ol TRAPAZOIDt SURFACE 8t A/E -.281°86

0.67590E O|
O. 67S90E 01
O. 475qOE O|
0.67590E O|
0.47590E DE
0.67590E O|
0,47§90E O|
0.47590E O|
0.4TSqOE O|
0,67590E 01
0.47S90E O|
Oe4TSqOE O|
0.47SqOE O|
0.41S90E O|

C-_



1

8

9

O.[O000E 04
O.|2S$OE 04
0.|5099E 04
0.17669E 04
0.20199E 04
0.22768E 06
O.25298E 06
0.26972E 04
0.26972E 06
0.27848E 06
0.303gTE 04
0.32967E 06
0.3549TE 04
0.38046E 04

0.405q6E 06

O.|O000E 04
0.12550E 04
0.1509qE 04
0.|766qE 04
O°201gqE 04

O.22T68E 04
0.25298E 04
0.26qT2E 04
0.26972E 04

0.27848E 06
0.3039TE 06
0.32947E 06
0.3S_gTE 06
0o3804&E 04
0.60596E 06

O.|OOOOE 06
0.12550E 04
0.15099E 06
0.1764qE 06
0.20199E 04
0.22748E O4
0.25298E O4
O.Z6972E 04
O°269T2E 06
0.27848E 06
0°3039TE 06
0.32967E 04
0.35697E 04
0.38066E 06
0.40596E 04

Oe

O.

O.
0.84692E 02
0.27TI4E 03
0.65365E 03
O.60T78E 03
0.69|00E 03
O.
Oo
O.

-0°

O.
0.
O°

SOLAR° DIRECT IMCIOENT
RECTANGLE, SURFACE Ct AlE -.41/,48

ALBEDO, DIRECT INCIDENT
0.38660E 03 RECTANGLE, SURFACE C+ AlE -o41/048
0.34335E 03
O.2TSqOE 03
O;|9564E 03
0o99_28E 02
0.15927E 02
0.39270E-00+
O.

0" •

O.
O°

O.
O°

.i

O.
O°

PLANETSHINEt DIRECT INCIDENT
0.392|OE 02 RECTANGLEt SURFACE C, AlE -.4|te48
0.39210E 02
0.39210E OZ
0,392|OE 02
0.39210E 02
0.39210E OZ
0.39210E 02
0.3q210E 02
0.39210E OZ
O.39210E 02

0;39210E 02
0.3gZIOE 02
0.392|0E 02
0.3gZIOE 02
0°39210E 02

19Oo



|0

Ll

12

O.LOO00E 04
O. 12590E 04
O. LSO99E 04
O. 176_qE 04
0.20199E O4
O. 22?_,8E 04
O.ZSZ98E 04
0.26972E 04
0.26972E 04
0.278_8E 04
O.3039TE 04
O• 329ae7E 04
0.3549TE 04

0.38046E 04
O.40SDbE 04

O,|O000E 04
O,|2SSOE 04
0,15099E 06.
0,17649E 04
O°20|qDE 04
O.22748E 04
0.25298E 04
0o26972E 04
O,26972E 04
0°27848E 04
D°303qTE 04
0o3294TE 04
0°35497E04
0.38046E 04
0°60S96E 04

O.|OOODE 04
0°|2550E 04
O.tSOqDE 04
0,17649E O,
0,20|99E 04
0.22768E 04
O,252q8E 04
0°26972E 04
0o26972E 04
0,27848E O_
Oo303qTE 04
0.329_TE O_

0,35497E 04
0,380_6E 04
O,40Sq6E 04

Oe

O.
O.
O, 3771_E 02
0.?03S8E 02
0.767?qE 02
0.606T2E 02
O. 35230E 02
O.
O.
O.
0,
O°
O,
0°'

SOLAR, DIRECT INCIDENT
RECTANGLESt SURFACE De °94t°OOe.85

ALBEDOt DIRECT INCIDENT
0.88640E 02 RECTANGLESt SURFACE De °94,.90eo85

0.'/9612E 02
O, 64666E 02
O. 45202E O2
0,2254TE 0_
0.3599TE OI
0,83817E-OI

e

O.
O,
Oe

Oo . • .

O.
O.
Oe

PLANETSH|NEt DIRECT INCIDENT
0.94890E O| RECTANGLESt SURFACE Ot ,94w.qot,sS
0,94890E OI
O.q48qOE O|
O,94890E O|
O,948qOE O|
Oo948qOE O|
O.948qOE O|
0.94890E O|
0.94890E O|
0°94890E O|
0.94890E Ot
0.94890E 01
0.9,890E O|
0.94890E O|
0.948qOE Oi



_13

14

15

O.IOOOOE 04
0.12550E 04
0.15099E 04

0.17649E 04
0.20199E 04

D.2274@E 04
D.25298E 04
0.26972E 04
0.26972E 06
0.27848E 04
0.30397E 06
0.3294TE 04
0.35_97E 06
0.38066E 04
0o40596E 04

O. IOOOOE 04
0.12550E 04
0.15099E 04
0.17649E 04
0.20199E 04
0.2274_E ,O4

... 0.25298E 04
0.26972E 04
0.26972E 04
0.27848E 04
0.30397E 04
0.32947E 04

. 0.35697E 04
0.38046E 04
O._059bE 04

Oe

O.
O.
0.37714E 02
0.70358E 02
0.76774E 02
0.60472E 02
0.35230E 02
O.
Oo
O.
O.
Oo
O.
O.

SOLAR, DIRECT INCIDENT

RECTANGLESe SURFACE D, .94t.90t.85

ALBECO, DIRECT INCIDENI
0.10152E 03 RECTANGLESt SURFACE D, o96,.90e.85

o.gllBTE 02
0,76255E 02
0.51885E 02
0.25803E 02
0o39031E OI
O.Rb337E-O|
O.
O.
O.
O.

O° "" •

O.
O.
O.

PLANETSHINE, DIRECT INCIOENI
0.10932E 02 RECTANGLESt SURFACE De .94,°9Or.B5
0°20932E 02
0.10932E 02
0.10932E 02
0,10932E 02

.0.10932E 02
0.10932E 02
0,|0932E 02
0°10932E 02
0.10932E 02
0.10932E 02
0.10932E 02
0.10932E O2

L" "

O.lOOOOE 04
_D,12550E06

O.tSO99E 04
O.L7649E 04
0,20199E 04
O.ZZT4_E 04
0.2529BE 04

..... D,2_972E O_
Oo26972E 04
0°27848E 04

.... D,3039/E 04
0.32947E 04
0.35497E 04
D._tSQ66E_O_ ...... _,1_9_2E 02
0.60596E 04 0.10932E 02

_C
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Appendix D

PROGRAM ERROR ANALYSIS

D.I RECO_'ENDATIONS OF SATELLITE SURFACE NODE AND _ SIZE

° .

Fach satellite surface can. be divided into nodes by inputting NV_

and NV_ as outlined in Appendix B.I. Variation of this •input

will result in more than one set of heat fluxes for a given surface.

For example, note the difference in heat fluxes on surface D in the

restart problem case shown in Appendix C.2. This difference, for

identical node areas and surface properties, is due to the differ-

ent effects in shading of these nodes. The computer program

calculates the view factor for each element in each node. This is

then averaged over the entire node; consequently, the total absorbed

and direct incident heat fluxes are the node averages.

Each node is subdivided into elements which are treated as discrete

areas, and represented by their area vectors. These are perpendi-

cular to the surface of element at its center point. The view

factor between each set of these area vectors is then calculated by

the finite difference method. The accuracy of this method depends

upon: _I) the area vector representation of a uniform distribution

of the element's area around the center point of the element, and

(2) the ratio of the magnitude of the area vector to the distance

D-1
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vector between centers.

The finite difference calculation of the view factor between node

I and node 2 in Fig. D-I can be written as

I
Elements over

area A_

cos _I cos _2_AI4A2
Elements over _r2

area A2

The refore_ the two basic requirements which• dictate the size and

number of elements for each node are: (I) the elements be fine

enough to adequately describe the node for possible shading by

other surfaces, and (2) the elements be fine enough so that the

finite difference error is muall. This finite difference error can

be approximated for each element by-

% error - I00 (2 - cos @A - cos @B)

where @A and @B are the angles measured from the center line of

the element to the element edges as shown in Fig. D-2.

| ,

To guide the program user in selecting the size and number of

elements into which each node is to be divided, the view factors

between two square rectangles have been calculated and plotted as

shown in Fig. D-3 and Fig. D-4. However, it should be remembered

that the geometric view factor is only one of three variables

(area, emissivity or reflectivity, and view factor) used in the

D-2
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7

-.. AA2_

•AA1

Fig. D-I Geometric View Factor Notation

v.

{

AAI I ZI_

Fig. D-2 Error of Finite Difference _ement
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solution of the radiant interchange equations _eee _pendix A.2.6)
!

and the view factor error should not be construed to be the equivalent

heat flux error. This is discussed more at the end of _pendix D.2.

D.2 _E PLANET VIDg FACTOR ER_R

o

The finite difference method will cause an appreciable error in cal-

culating the view factor between each satellite surface node _d the

planet if the planet is not divided into fine enough elements. The

•planet is divided into 3 nodes in the /_ direction and 12 nodes in

the ¥ direction, which results in _ nodes for the planet. Each

of the planet nodes is divided into one element in the Y direction,

but _ be divided into as mar_ as 8 elements in the /_ direction.

The variable number of elements in the direction is calculated _y a

routine in subroutine VI_g depending upon the satellite altitude, and

the percent of error that the progrm user inputs to the computer.

This routine continues to increase the number of elements in the_ .

direction until the view factor from an imaginary horizontal .flat

plate to the planet is less than the percent error input by the pro-

gram user.

A plot of the percent error ,as function of the dimensionless ratio

(satellite altitude/planet radius) for various N_ (elements in

the ._ .direction) is plotted in Fig. D-5. _htS graph indicatem

the general expected trend: the larger the mmber of N/_ the

D-6
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less the percent of error for any dimensionless ratio. However,

the program user should note the negative error that occurs when

N_ = I and h_ < .03, which is due to the magnitude of the

planet element area vectors in relation to their span vectors for

those planet nodes closest to the satellite. Care should be

taken when selecting the view factor error in this region because

the computer checks the absolute magnitude of the calculated

error starting with N_ - 1.

The computer routine will continue to increase N_ until the error

shown on Fig. D-5 is less than the error selected by the program

user. As an example, if the percent error is input as 5 percent,

and the h_ ratio •was never less than O.1, then N_ would be 3,

and the total number of planet elements would be 36 x 3 = 108. With

this information, the maximum number of satellite elements can be

calculated as 1000 - 108 - I = 891 where the extra I is for the

sun element.

The satellite node view factor to the planet is different if the

node is not horizontal and the percent view factor error is also

different. A vertical plate is shown in Fig. D-6 with the same

variables plotted as in Fig. D-5. The computer routine divides •

the planet nodes into the elements as shown in Fig. D-5, which

will result in the error shown in Fig. D-6 for a vertical plate.

D-S
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The radiation constant equations which are solved from their matr_

form (Appendix A.2.6) for the radiation constant between two bodiei

are written in terms of the areas, the emissivities, and the geo-

metric view factors for these bodies. If an error analysis is

performed with these equations, the following equations will resull

which can be solved for the heat flux error due to a view factor

errol%

-rlf Fm

T

• fraction of the heat flux error to node 1 due tot he

error in the view factor between the two satellite

surface nodes, and

.-7

• fraction o_ the heat flux error to node 1 due to the

error in the view factor between the satellite sur-

face, node 1, and the entire planet, x.

D-IO
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G.!2 - FI2 A2

/

The above equations are for two satellite nodes, I and 2, and a

source node, x, which could be the sun or the mean planet node.

Examples-

(z)
For_2 of 20 percent, i.e., FI2 AI - .2 actual,

where the finite difference calculation gives 0.24,

the resulting heat flux change is 0.54 percent for

the following conditions.-

6 z - 62 -.B

]j

(2)

AI - A 2 - I

QZx " O_

For 6Glx - 20 percent, the resulting heat flux error

is 10.6 percent for one satellite node horizontal to

the earth,s surface at 200 sa with

R I

D-11
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_ " e9

(3) For (2), the s_me condition, except at 610 sin,would

give only a 7.5 percent heat flux error where G1x =

e75.

For_Glx - 20 percent, the resulting heat flux error

is 1.42 percent for one satellite node perpendicular

to the earth's surface at 200 sm with

61 " .8 A1 - 1 Glx " .31

(5) For (4), the same conditions, except at 510 me, would

give only 0.41 percent heat flux error where @ix - .2.

D.3 ESTIMATED COM_.UTER RD_ TIME

The computer run time is a function of=

@ Total number of elements

o

e Satellite or_t and orientation

Total number of points in orbit to be calculated

i

4

D-12
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e Shading of satellite surfaces.

These four variables can be grouped to give the following estimates:

I. Circular Orbit, planet-oriented satellite

With shading

_n. = KI C1 P g2

With no shadiu K

Min. - CI P N2

+ c3

+ c3

. Elliptical Orbit, planet-or space-oriented satellite

li

whel_|

p EN

g m

With shading

Min. = X2 C2 P N2 + c3

With no shading

ran. =C 2P_2 +C3

total number of points in orbit to be cal-

culatod

total number of elements

D-13
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6.6 x 10"7

2o_ x 10-6
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C3 - .Z8.

K1 ', 2.0

K2 - 2.5
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Appendix E

PROGRAM LISTINGS

The listings in this appendix axe of all the source decks used in the generalized heat

flux computer program, also the closed (or library) functions of the trigonometric .

functions in degrees. The program.calls many open (or built-in) functions and the

SQRTF closed function in addition to the trigonometric functions.

Source Program

Main Program

Subroutine Shadow

Subroutine View

Subroutine Vector

Subroutine Omega

Subroutine Shade

Subroutine Flux

Subroutine Invert

Subroutine Output

Tangent Function, degrees

Arc Tangent Function, degrees

Sine and Cosine Functions, degrees

Arc Sine and Arc Cosine Functions, degrees

Page

2

8

9

11

12

14

15

19

21

27

30

33

37

E-1
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/
C

5
6

T

B

9

IO

II

12
13

14

15

Ie
19

2O

21
22

FORTRAN
MAIN PROGRAM OF THE GENERALIZED HEAT FLUX STUDY
DIMENSION DATAIZZelb)tLDATAI22eI6),DMI(9343)tASI22)tAAIZZItEi22)t

IDN2(201),OM3(bI),lN(2),TIME(40|,DMB(S24I),MRIT(22,b),DM5i461)
DIMENSION Rl3e3)
COMMON DATAeDMIeAStAAeE_DMZtNSeSHOeNITEtiZeIKeDM3eRAOtPIeDCRe

I RPLANtINtT|MEtOM6tWRITtECCtPERIODtNPOtNTABLEtSBCeTSUNeTSStTDS

2tDMStTHEeBETAeKADeDSUN
EQUIVALENCE IDATAtLDATA|
Pl - 3.1¢15927 001
OCR • Pl/I8O. 002
FORMATIIS, 5X6EIOo5 ) '_ 003
FORMATI39H| ERROR IN BLOCK IDENTIFICATION NUMBER | 006
FORMATIAXAbt5EIO.5) 005
FORMAT( / 15elBH PLANET DATA FOR Abt E1605/ 006

I 9X26HGRAVITATIONAL CONSTANT =EIZ.St9X27HSTEPHAN-BOLTZMAN CONSTANT OOT
2 •E|Z.519X24HPLANET DISTANCE TO SUN =EIZoSt?XZTHOARK SIDE TEMPERAT 008
3URE -E|2.5 /9X26HPLANET ALBEDO, PERCENT =E12.5, 9X27HSUB-SOLAR 009
4 TEMPERATURE -EIZ.5 /9XZ4HPLANET RADIUS -EIZoS,9X27HS 010
SOLAR TEMPERATURE •E12.5 Iqx26HSUN RADIUS - 011
6 EL2.519XZTHDELTA ANGLE •E1205 I OIZ

FORMAT(IOXSEIOoS ) 013
FORMAT(/I511?H SATELLITE ORBIT IIXEIZ.5 /9X26HINITIAL THET 016

IA ANGLE =EIZ.Se9XZTHNUMBER OF DELTA THETAeS •i_IDXZ_MFINAL TM 015
2ETA ANGLE -EI2.5_qXZTHALTITUDE OF PERIAPSIS -EI2.S/ 016
3 9X24HINCLINATION ANGLE =EI2.St9X2?HALTITUOE OF APOAPSIS 017
6 -EIZ.51qXZ_HOMEGA ANGLE •EIZoSt9x27HINITIAL TIME 018
5 -E1205 19X26HALPHAIP| ANGLE -E|205| 019

FORMATilISt23H SATELLITE ORIENTATION /9XISHINITIAL PHI -F6.1, 020
I TX31HORIENTArlONI I•PLANETt2=SPACEIuI3/gXlSHINIT|AL PSI •F6.|/ 021
2 9XI5HINITIAL OMEGA -F6.1 I) 022

FORMAT(II5e20H SATELLITE SURFACES 5X2OHNUMBER OF SURFACES mi3t 023
I|BH PERCENT ERROR =FS.|t34H SURFACE SHADING(-|BNOe I-YES) 8 024
2 F4.0 I 025

FORMATfSISISA6,AA/ 5E10.5 /SXFS.3,SXFS.3,)EIO.5 151FS.3e|OX3EiOoS) 026
FORMATIbXSIS,SAb,A4 17X5EI_.5 / 16XFS.319XFSo3,3E1605 116XFSo3t 02Y

I 14X3EIB.5 I 028
FORMAT(/IS,31H OUTPUT VARIABLES TABLES -13o11H FORMAT -13_ 029

I IOH CARDS =I3,16H VARIABLES -13 I 030
FORMAT(L3A61A21 03[
FORMATI2OH| ERROR IN BLOCK 5 I 032
FORMAT(39HI ERROR IN BLOCK 3, VEHICLE ORIENTATION I " 033
WRITE OUTPUT TAPE 6t_OS 036
READ INPUT TAPE 5112,(AS(i1* ! •1,161 03S
WRITE OUTPUT TAPE 6,121(ASfI), ! "111_! 036
READ INPUT TAPE 5,1tlDtDISTtA,BjCtDeF O)T
IFIID -5118,18119 038
GO TO (20,3Qt_Ot46e69)tID 039
WRITE OUTPUT TAPE 6,2 060
CALL EXIT _ 041
READ INPUT TAPE 5t3,PlD_SBCITOS,TSStTSUNIOELTA 062

IFIDIST)21,21122 043
DIST " loO 046

MRITE OUTPUT TAPE 614,ID,PID,DISTeA,SBCtB,TDSeCtTSS,DtTSUN,F,DELTA 045
GC " A 04&

E-.2



C

26

C

30

31
32

33
34
36
37

4O

41

42

DSUN • B*DIST
ASI2) • 1o0 - C/|O0.
RPLAN • DsOISI
RSUN = FaOIST
SUN DESCRIPTION IS DATAIIeK)
LDATA(Io|) • -2

00 26 i"2,5
LDATA(I,i) " i
OATA(|,6) -9SUN
LDATAII,7) u 0
LOATAIlt8) = 0
DATA(I,9I -RSUN
DATA[I,IO) - 360.
LDATA(LtLLI" 0
LDATAI|,|2)= 0
LDATAII,[3)• 0
PLANET OESCRIPTIOA IS DATA(2tK)
LDATA(2t|I " 6
LDATA(2oZI _ |
LDATAI2,3) u [
LDATA|2,4I s3
LDATA|2,5) • |2
DATA|2o6) = RPLAN
LOATAI2t7)= 0
LDATAI2t8)s 0
DATA(Z,IO)" 360.
GO TO L5
READ INPUT TAPE 5,SIALPHAtPHO,RP,RA,T|ME|

IFIDISTI31,31e32
DIST "t.O
NPOA• PHO •.000|
WRITE OUTPUT TAPE 6tbpIDtDISTIAtNPOAtBtRPtCeRAtDtTIMEItALPHA
THETIN • A --
THETF[ • 8
AINC " C
OMEGA " O
RP • RPeOIST
RA "• RAsDIST
BETA • ASINFISINF(CIeSINF|D)) -ASINF(COSF(C)eTANF(DELTA))

O4?
O48
049
OSO

OSl
052
053
054
055
056
OST
058
059

• 060
061

062
063
064
065
066
067
068
069
070
071
OT2
073
074
075
076
07.7
078
079
080
08|
082
083

THE • ALPHA • ATANFICOSF|C)tTANFtO)) • ATANFITANF(DELTAteCOSF|ASI 084
INFICOSFICI/COSFIDELTA))))

IF (D -90.) 36,36t33
IFID -2TO. ) 34, 34,36 - "
THE • THE •180.
IF(THE -360*11SI1513T
THE =THE -360.
GO TO |S
IORT " C • .000|
WRITE OUTPUT •TAPE 6tTtIDtDI'STelORTtA,B
IF(IORT -2142t42,41
WRITE OUTPUT TAPE 6_14
CALL EXIT
C| • COSF4DIST)
C2 • COSFIAI
C3 • COSFIBI

085
086
087
O88
089
090
091
OgZ
093
094
095
096
09T
O98
099

Y,-3
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H.-16.- 64,.1

44

4S
46

**7
48

49

SO

,S!

$1 • SINF(OISTI
$2 - SINFIAI
$3 - SINFIBI •
RIX,X) • C2-C!
RIZ,|J • -C2eS| .
R43ol) • 52
RIXt2) s -S3eSZeC| • C3eS|
R(Zt2) s S3eS2eS| • C3eC|
R(3t2) • $3eC2
R(le3) • -C31S2eCI - S3eSX
R|Zt3) • C3eS2eS| - S3eC|
R(3e3) • C3eC2
GO TO IS
NS •.O|ST • 2.0000|
I • DIST • oO00l
WRITE OUTPUT TAPE 6tSelDtleAtB
ERR mA
SHD mB
K--g

DO 48 I "3eNS
READ INPUT TAPE 5tOI (OATAI|eJ)t JsXtS)t|MRIT| K tJ)tJm|t6|t

| |OATA|ItJ|I J'Gt[OI, ASII)t AAII), (OATilieJlo J •[|e13)t EIIIt
2 (DATA(ItJ)t Ju|4t16)

MRITE OUTPUT TAPE 6t|O, (OATA(|,J)t Jsl,S) o(MR|T( K eJltJ•loGIt
I (OATA(IfJIt JsbelOlt ASII|t AAll)e (DAtA(ieJ)e J •llo|3)t Ellll
2 (OATA(l,J|e Ju14e|61

KK - LDATAIIt4IoLDATAIIe5)
IF(KKI45e4St46
KK m|

KK - KK •K -|
00 47 JJ "KtKK
DO 47 J tit6
WR|TIJJtJ) " MR|T|KtJ|
K "KK •|
GO TO 15
NTABLE •DIST•°O00|
NPOm NPOA
NFORNT sA _0o000|
NCARDS s B _0.000|
NVAR " C •°000|
MRITE OUTPUT TAPE 6_I|IIO,NTABLEtNFORMT,NCARDStNVAR
IFINTABLE -2ISItSItSO
MR|TE OUTPUT TAPE 6t13

CALL EXIT :1
A -IRA •RP •2.OeRPLANII Z°O
ECC • IRA -RP)IAoOeS
PERIOD • 2.OePIeSQRTF(AIRPLANeA/RPLANeAIG_)
IFITHETIN -THETFI)S4,SSt52

tO0
10|
102

103
104
lOS
106
lOT
108
109
110
11|
112
113
114
115
116
|IT
!18
119
120
121
122
123

125
126
127
12tl
129
130
131 .-
132
133
13_.
135
136
137
1311
139
140
141

143

146
147

52 MRITE OUTPUT TAPE 6t53 141
53 FORMATIS9HI ERROR IN BLOCK 2t THETA FINAL IS LESS THAN THETA INi 149

ITIAL ) 150
CALL EXIT |S|

54 DEG - (THETFi -THETIN)/FLOATFINPOI |52

KAD a I |5l
GO TO 57 154

I,-4



55

5T

60
61

62

64

70

71
72
80

85
86

9O

92

95
q8
I00
112

I15

_16

120

127

130
135
136
13B
140

142

DEG " 3600/FLOAIFINPO)
KAO • -1
ANGLE - THETIN -DEG
IF ( ECC)bOt 6_,62
MRITE OUTPUT TAPE 6t6|
FORMAT(SIHI ERROR IN BLOCK 2t PERIAPSIS GREATER THAN APOAPSIS )
CALL EXIT
RDD s Aell. O-ECCoo2)
RAD • R0011100 * ECCoCOSFITHETIN))
EG " ACOSFIIA -RAD)IAIECC)
TIMEP = PERIOD/2oOoIEGeDCR 'ECCoSINFI EG))/PI
GO TO 80
ENGLE •THETIN
IF (ENGLE -180°)70o70171
TIMEP ,, PERIODeENGLE/360o '
GO TO 72
TIMEP • PERIODoI°5 -(ENGLE -180o))/360o
RAD " RA * RPLAN
ANN s THErIN -180o

IF (ANNI86e 86t85
TIMEP "-T|MEP
CALL SHAOOM IRPeTSltTS2)

IF ( TSI .-4000192tqOt92
NUS ml
GO TO 115
NUS •-1
TOT • THE • THET|N
IF ( TOT -360.)qBiqetqs
TOT • TOT-360,,,
IFITSI -YOYllOOtllStll5
IF ( YS2 -YOTI I15,I15t 112
KIST •-1
MAN 8"°1
GO TO 116
KIST 01
NAN n |
IN(II .m 0
IN(2I • 0
IZ •1
! "0
MUM -0
1"!•1
ANGLE • ANGLE •DES
!F (NUS1127• 142e 142
TOT - THE • ANGLE
00 135 J "1•3
IF I TOT -360.1136•136t130
TOT 8 TOT-3600
CONTINUE
IFITSI -TOT)I38•142.142
IF| TS2 -TOTI142.142.140
KI SS 8-1
NI TE • i
GO TO 14S
KISS • I

F,..5

155
156
157
158
159
160
161

162
163
164
165
166
167
16B
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
Ig5
196
197
-198
199
200
201
202
203
204
205
206
207
208
Z09



_.-16.-_-1

145
146

149
150

151

ISS

156

157

158
160
161

165
166
1"70
172

174

180

183
18S
187

189
190

192
194
196

198
199
210
212

C
220

222
223

224

MITE • -I
IF (KISS -KIST1146o 149,146
MUM • MUM *L
IF (MUM -2)280,280,400
IF(| -NP0)1501150,1S7
IF(I-lllSlt151,160 - : _
IF!KAD) 155,155,156 •
T.IME¢LI - O.
GO TO 212
TIMEII| •T|MEI
GO TO 212
IF ( KAOI **ODe 4001158

IF ! l-NPO--1 | 160,160 t 400
IF (ECC1161• 161• 160
ENGLE •ANGLE

00 166 J•l•4
IF (ENGLE -180.) 170• 170,16S
ENGLE ..ENGLE-180.
CONTINUE
GO TO (1721L¥4•LT21174I,J

TIME(I)" PERiOOeENGLE/360.
GO TO 183.
TIME(I)• PERIOO*(180. -ENGLEI/360.
GO TO 183
RAD • ROD/|I.O *ECCeCOSF(ANGLE))
EG • ACOSF( (A -RADIIA/ECC)
TIME([I -PERIOD/2.Oo(EG*DCR -ECCeSINF(EGII/PI
IF (ANN) 18S, 185• 189
IF(ANGLE -180.)187,187o194
TIMEII) "TIME|I)-TIMEP
GO TO 199
IF(ANGLE -360.) 190• 190i192
TIME(I) "-TIME(|) -TIMEP
GO TO 199
IF(ANGLE "540.)187•18Tt196
IFI ANGLE -360. ) 196•1961198
TIME(I| " PERIOD-TIMEP-TIME|It
GO TO 199
TIMEll) • PERIOD *TIMEIll -TIMEP
IF (KAD)212e212•210
TIMEII) - TIMEII) • TIME!
GO TO |220•2301,i0RT
PLANET ORIENTED
DING • SINFfTOTIeCOSFfBETA)
8ING • COSF |TOT)eCOSFI BETA )

$8 " SINF|SETAI
RSX • -RII,I)oDING IRI2tl)eSB
RSY •-R|Le21eOlNG iR(2e2) eSB
RSZ •-R(tl3|eOING IR(Zl3)*$8

• IF( 1Z1224•222•224
I F ( ECC 1224 • 2238224
IK •0
GO TO 240
IlK • |
Ill • ll3•11

11:,-6

÷RI3,11*81_
tR(3•2IeB|_
tRllt3)*lllll

210
211
212
213

214
215
216
217
218
219
220
221
222
223
224
225
226
22T
228
229
230
231
232
233
234
235

23.6
237
238
23_1
240
241
242
243
244
245
246
247
248
24q1
250
251

252
253

254
255
256
257
258
259 •
260
261
262
263



. °

!.i

230

231
232
233

234
235

236

238

23q

240

242

243

245
248

249
25O

255

257

25q

260
262

,264
26S

RPY • R(3,21 " "
RPZ • R|3t31
GO TO 240
SUN DIRECTED
SB • ANGLE *ALPHA
TOTAL " OMEGA • ATANFICOSFIAINCIwTANF|SBI)
IFISB -'90.1238,238,232 "
IFISB -270.1233t233t234
TOTAL • r()TAL •180.
GO TO 238
IF (SB -360. 1235t235t236
TOTAL z TOTAL •360.
GO TO 238
SB = SB -360.
GO TO 23t
SIG - ASINFISINF(AINC)*SINF(SB))
DING " SINFITOTAL)*COSFISIG)
B|NG " COSFITOTAL)eCOSFIS|G)
SS • SINF(SIG)
RPX - R{[,|)'SS -R{2t|)eD|NG • RI3tl)aB|NG
RPY " R(le2)*S$ -R(2,2)eO|NG • R(3,2)eB|NG
RPZ " R|It3ImSS -RI2f3IQDING • RI3,31*BII_
IK s •|
IF ( [Z1239e255,239
SD " SINFIDELTAI
CD " COSFIOELTA)
RSX " -RllflloSO • R(3,|)eCO
RSY " -RI1,21eSD • R(3,2IeCO
RSZ " -RII,3IeSD • R|3,3)oGO
HIP • $QRTF(RSXee2 •RSYeeZ)
IF (RSXI243•245,262
DATA{IelS) _, ACOSF(RSY/H|P|
GO TO 250
OATA(I,14) • -ACOSF(RSYIHIP)
GO TO 250
I F I RSY 1249 • 248,268
LDATAI 1,161 -0
GO TO 250
DATAII,16) " 180.
LOATA(I•15) " 0
DATAIl,16) ,, -ACOSFIRSZ)
IF ( IKI255,270•255
HIP " SQRTFIRPXee2 ,RPYoe2I

IF (RPX1259e260•257
DATA|2tlG) " ACOSFIRPYIfliPI
GO TO 265
DATAI2tI61 ,, -ACOSF(RPYIHIPI

GO TO 265
l F ( RPY 1266 • 262• 262
LDATA(2•IS) "0
GO TO 265,
DATAI2,16) -180.
LDATAI2•|S) "0
OATA(2•16) : -ACOSFIRPZI
DATAI2•III --RADeRPZ

£...'/

-../.-1

266
26S
266

267
268
269
270
271
272
273
Z76
2TS

- 276
271
278
279
280
281
282
283
286
28S
286
28T
288
289
290
291
292
293
294
2gs
Z96
29T
298
Z99
300
301
302
303
306
30S
306
307.
308
3O9
310
311
312
313
314
315
316

317



270

200

.282

285

290
295
298
300
302

310

400
40L
402

405

OATAtZ, 121 =-RADoRPY
DATA(2o 13) "-RAOeRPX
CALL VIEW(EARl
CALL FLUX
iZ *0
IFIKISS -KIST) 310t 120t 310
N "i •1
Iq "I •2

TOTE • TOT
AANGLE • ANGLE
]F (KISTtZSSt2BSe282
ANGLE "TSL -THE
TOT • TSL
1N(L) " N

GO TO 290
ANGLE m TS2-THE
TOT • TSZ
IN(Z) - !
IF ( ANGLE)ZQ5_ 29BeZ98
ANGLE ,, ANGLE • 36Oe
IF ( THETIN -ANGLE)302_302t300
ANGLE • ANGLE •36Oe
NITE "-1
GO TO 1L60
TOT -TOTE
ANGLE uAANGLE
T|ME(N) ,, rlrME(ll
K|ST - KISS
N|TE " -KISS
I -m
NPO " NPO 41.2
GO TO 160
l F I KAO) 402,40:? o_OI

NPO • NPO •1
CALL OUTPUT (NVARtNCARDStNFORNTtMANtTHET|NtTHETF|I
WRITE OUTPUT TAPE 6t405
FORMAT ( |H||

GO TO iS
END

3111
319
320
3Zi
322
323
324
32S
326
3ZT
3211
329
330
331
332
333
334
33S

.336
33T
330
339
340
341
3_2
343
364
345
3_6
347
348
349
3S0
3SL
352
353
354
355
3S6

FORTRAN
SUBROUTINE SHADOW |RPtTS|tTSZ)
DIMENSION DMLILOO31)tDN2(S415),OM3|4411|

COMMON OML,RO_ON2tEtOM3tTHETPtBETA
R& • RO • RP
C6 • COSF(BETA|
C1 " 1.
THETA •90.
DO 3 J"1,5
C2 " IlOOo*CllllOeeeJ
DO 2 I "|t|O
THETA • THETA •C2 "I_
CV • THETA -THETP

00|"

002
O03
004
OOS
006
OOT
008
009



i .

e

_F

1

2

3

6
C

S

9

CDT ,, COSF(CVI

EN - SQRTFII.-|IRO/RI)-I(I.,o.EeCOT)/II.÷E)|Ioe2|
CTH • COSF{THErA)
SZ I CBICTH
IF(SZtENm3oBI2
CONTINUE
GO TO 1'
THETA •THETA -CZ
XF(C|)6t61S
TS1 ,, THETA
Cl ,,-I.
THETA - 270,,

GO TO 1
TS2 • THETA
GO TO 8
TSi • 600o "
TS2 - 6000
RETURN
END

FORTRAN
SUBROUTINE VlEMIERRI

DIMENSION DATAI22ti6)0LDATA(Z2tI6)IDM[19409)tPIZZo3t3)IRI)Io
I DH2(2)oAi3ItNINISTI

CONNON OATA,ONL,P,RtNS,ON2,1ZtlKoAeNVoNTNtRADtPItDCRtRPLAN
EQU|VALENCE IDATAeLDATA)
IFliZ)6,lt6
NVV • NV

IFf|K)2,3t2
NSS " 2
GO TO 5
NS S "1
GO TO ZO
NSS " NS

PLANET VIEW FACTOR ERROR
RSQ •RPLANee2
RTQ • RADee2
FEA • RSQ/RTQ
DATAIZog| _ ACOSFIRPLAN/RAD)
NVB • LOATAI2tBI
DO 10 ! "it7
NBT • IoNVB

OB • OATAI2oQI/FLOATFINBT)
DB1 m -DB/2oO
FEI m O°
DO 9 J "ItNBT
BA • FLOATF|JIeOB • DB|
RAm RrQ ÷RSQ -2oOeRAOeRPLANeCOSFiBA)
BTT • SINFIBAI
BIT • BTT/SQRTFIRAI
FEI • FEI • COSFIASINFIRADeBITII-COSFIASINFIRPLANeBITI).

I RSQeBTTiDBmOCRe.2eO/RA
ERR1 - ABSF|FEI -FEAI/FEAe|OOe

OlO
Oil
012
013
016
OIS
016
017
018
019
020
02L
022
023
026
025
026
027
028

OOl
002
003
006
OOS
006
007
008

O09
OlO
011
OlZ
013

OIS
016
Olt
OIO
019
020
021
022
023
026
02S
026



M-16-6_,1

I0
II

20

22
24
25
26
27

28
29
3O
31

35

IF(ERR1 -ERR)IL,ll910
CONTINUE
LDATA|2t2) t J
NmO
NV • O
DO SO J "ttNS$
ILK " LDATAIJtl)
NB • LDAIA|JeZ)
NG 8 LOATAI[ J, 3|
NVB • LDATA|J,4|

NVG • LOATAIJeS)
A(I) " OATAIJe6|
BE • DATAiJeTJ
GA • DATAIJ,8)
OB - DATAIJ,9)
DG " OATAIJeIO)
C1 • COSF(OATA(J,|411
C2 8 COSFIDATAIJe|5))
C3 • COSFIOATAiJ,|6))
51 • SINF(OATAIJI14))
52 • 51NF|OATAIJoLSI)
53 • $1NFIDATAfJe|6))
PiJ,lel) :C2eCI
P(J,Ztll "-CZoSI
P(J*3elJ u 5Z
P|J,l,2) "-S3*52*C1 *C3oS|
P|J,2,2) • $30S2*S1 • C3"C1
P(Jt3tZ) • 530C2
PIJ,i,3) =,-C30520C1 * 53051
PlJeZe3) • C3e52051 - 530C1
PiJI3t3) " C30C2
IF ( IZlZ2t35t22
IF| NB)24e24s25
N6 e 2
IF |NG126tZ6t21
NG'i.
i F (NVB) 28e 28, 2.9
NVB •|
IF (NVG) 30t 30e 31
NVG " |
LOATA|JI2D " NB
LOATAi.Je3| 8 NG
LOATA(Je4) • NVB
LDATAIJeS) ,it NVG
DVB •|DB -BE)/FLOATFINVB)
DVG •(OG -GAI/FLOATFiNVG)
06 • OVS/FLQArF|NB)
DG - OVG/FLOATF(NGI
AI2) " BE-.SeOS
00 50 JV slINVB
A(3) • GA-o500G
A|2) "'A|2I * OVB
DO 50 KV =ItNVG
A(31 •A|3I *DVG
A(Z) •A(2) -0V6

T,..10

021
.028
029
030
031
032
033
034
035
036
03T
038.
039
040
041
042
043
044
045
0_6
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063

• 064
06S
066
06?
068
069
070
071
072
073
O74
075
076
07?
078
O79
080
081



iii!_¸ i_

I
.ab

50

56
56
57

58
60
61

70
80

!
2
3
4

C

21

C

NV ,. NV * |
DO 69 KJ =L,NB
A(3) - AI3! - OVG
A|2) ,, A(21 .08
O0 4q KX "LtNG
AT3) "A[31 * DG
N " N _ 1
CALL VECT()R (ILK,OB,OG,NtJ):
CONT [ NUE
NTN(NV) = N
IF I IZ) TO,TOe54
IF(N- 10001S88S8856
WRITE OUTPUT TAPE 6tST
FORMAT[2|H TOO MANY ELEMENTS )
CALL EXIT
IF (NV -57) 80tBOe60
WRITE OUTPUT TAPE 6tbl
FORMATi|TH TOO MANY NODES)
CALL EXIT
NV m' NVV

.CALL OMEGA
RETURN
END

/ 082
083
084
085
086
087
088
089
090
091
092
093
09,
095
096
097
098
099
100
101
102
103
106

FORTRAN
SUBROUTINE VECTOR|ILKIDB,DGtNtJI
DIMENSION DATAI22,16)tLDATA(22,16),POSilOOOt3)tARA(IOOOt3)tDM113,

lOg) tP(Z213831eDM218)eA(3)tOM3|bO)tDMA|3)
DIMENSION BI311C|$)
COMMON D&TA,POS,ARAtDMI,PtDM2tA,DM)IOCRtDIq4
EQUIVALENCE (DATAtLDATA)
SmFLOATFIXSIGNFIItlLK))
DO 2 ! "116
|FI|-XABSFilLK))2oI.3
GO TOI 21,22123,26,26_26|tl
CONTINUE
WRITE OUTPUT TAPE 616
FORMATI47H| ERROR IN SURFACE TYPEt SUBROUTINE VECTOR )
CALL EXIT

RECTANGLE.
8111 ,, AlE|
8121 - A(2I
81 31 - AI31
C11) • DBeDGeS

'C(21 " O.

CI 3) " O.
GO TO 90
DISK

22 X-COSF IA(3I I
Y - SINFIAI3II
ZuAt 21 eOGaOCIteS
BI |)-All)
8121-AI2)•X

OOl
002
003
004
DOS
006
OO7
008

009
010
011
012
013
014
015

016

O|T
0|8
019
02O

,_.11



H-16-64-1

C
23

C
26

80

9O

lOO

2

61 3l,,A( 2|eY
C(11 • XoIoOBoX. YeZoDBoY
C( 21 - 0.
C( 31 " 0.
GO TO 90
TR I ANGLE
XsS|NF|A(3| t,ICOSF| A| 3) |
Y"A(2) oOGoOCRe$
Btl)-AI|!
BI2) - AIZ)
BI 3)'AI2IeX
C|1) 8 YeDB • XeYoOBoX
C| 2) "0.
C(3) ,'O.
GO TO 90
SPHERE
WaSINFIAIZ) I
X•COSF|A|2) | "
Y•SINFIAI3| I
ZsCOSF14131 I
VtA( ]LIeOBe OCR
UsA ( 1 )eOGe OCRIkleS
B( |)•AI|IIX
BE2),,A| 11 elde]P
6(3)•A(|lelde¥
CI|I • UoZIVtXIZ • UeYIVeXoY
CI2! • UIZoVoW

CI3) • UeYeVoW
ARAIN, 1) •
ARAINtZ) •
ARA(N9 31 •
GO TO LOO
ARAiNt 1) •
ARA(Nt2) •
ARAIN_3) "
POS|NIL) "
POS(Nt2) •
POSINt 3) s
RETURN
END

PIJ,3,3)eC(1) .PtJ,3,2)eCI2)
PlJtZt3leCIl) •PlJ,2,2)eC(2)
PIJIL,3IeC(I) .P(Jtle2)oC(Z)

PfJe3t3leC(ll
PlJtZ. 3:)eC(ll
PlJel,3)eCI1)
PIJ.3t3IeB|II _PlJ.3.Z)e6(2|
P|JtZt3)eS([I _P(Jt2eZ)eSlZ)
PlJele3le6(1) _PlJtltZ)eB(2)

*PlJo3.1)oC|3!
"PiJtEelloCI3J
*PiJtleL)eCI3!

_P(Jt3oL)eB131_OATA|Jt11)
*PlJe2tlleS13I'OATAiJe121
÷P(Joltl)eGI3)*OATAlJo13)

FORTRAN
SUBROUTINE OMEGA
DIMENSION OATAI22tI6),LD&TAI22, L6)oPOSIIOOOo3)eARAI100Oe3)DFAISTe

157)_AREAISTJtCOSTI3T)oOMI(266)tOM2|3|tNTNiSTI
DIMENSION SPRO(3)

COMMON DATA,POS,ARAeFAtAREAtCOSTtDM|tSHDtNITE,IZtlKeDM2tNVtNYNt
I RADtPI .... _

EQUIVALENCE IDATAtLOATA) '
JU 8 NTNINV|
LKR • 1
DO 2 I "tt3T
CO•Till " 0.

£-12

02L
022
023
024
02S

026
O27
028
029
03O
031 ,--"
032
033
034

035
036
037
038
039
04O
041
042
O4)
044
0,5
046
O47
0411
049
050
0S1
O52
O53
054
OSS
O56
051r
O58

001
002

003
0O4



4 °

. "

3
6

5

6

8

12

i6

17

18

lq

20
21

,23
26
28

30

32
33

35
37
36
39
44

95

99
lO0

103

T,_-I6-6/.-1

IF( IZ)6,3,6
IF( IK)4,5,4
IU - NTNI3?!
NVV " 37
GO TO 8
lU = I

NVV =I
GO TO 8
IU " JU
NVV " NV
DO 12 I -I,NVV
AREAII) " O.
DO 12 J -I,NV
FAIIeJ) - O.
DO 100 I =ltlU
JL " I "1

IFII -1116,1T,16
IFINTNILKR) -1118,19,19
AREAll) - SQR_FIIARAII,1)/I.OE*IO)J*2 * (ARAII,2I/I.OE÷IO)ee2

I • (ARAll,3I/|°OE_IOIee2 )el.0E÷lO
GO TO 21
LKR - LKR tl
AREAILKR) - AREAILKR) * SQRTFIARAIItI)ee2 ÷ARAIIe2|oo2 *

1ARAII,-IIee2 |
IFIJL -[U)21,20,20
IF(IZ)IO0,21,100
LKE 8 LKR

KK " l
KAT - I -N[N|31I
00 99 J " JLtJU
IFINTNILKE) -J123t26,26
LKE - LKE *1

DO 28 X "1,I
SPROIK) - POSlJ,X) -POSI|,K)

TEST " ARAIIwIIeSP&OlI) *ARAII,2IeSPROI2) ÷ARAIItIIeSPRDII)
IFlTEST)9?,99t30
¥ESTJ ,.ARAIJ,||eSPRD(|) *ARAIJt2)eSPRD(2) *ARAIJ, 3)eSPRDI3)
KIT : j-NTN|3T|

IFI! -1)32,32:35
IFlKIT)33,33,35
COSTILKEI - COSTILKE) -TESTJISQRTF IARAIJtl)e*2 *ARAIJ,2)**2 *

I .ARAlJ,llee2l / SQRTFISPRDII)ee2 ÷SPROl2)oe2 *SPRDl3lee2|
IFITESTJI37199e99
IFIK|T)q5,95t38
.|FINITE -||39,100e39
|FISHOIq5t95,¢4
CALL SHADE IItJtKK,NAPeKAT)"
IFINAPIqSIq5t99
DIST " SPRDII)**2 *SPRDI2)e*2 *SPRDI3)ee2
FA|LKR,LKEI -FAILKRtLKE) -|TEST/OIST)*ITESTJIOIST)
CONTINUE
CONTINUE
ABC " FLOATFILOATA(2,2IeLDATA(2_3)I
DO 103 I "1t37
COSTlll - COS;II)IABC

F,-13

005
006
001
O08
009
010
011
012
013
014
015
01b
017
018
019
020
021
O22
O23
02',
025
0;'6
O27
O28
O29
03O
031
032
033
034
035
03b
03T
O38
039
040
041
042
043
04_
045
0_,6
047
048
0'49
050
051
052
053
054
055
056
057
058
059



_,,,16-6_,,I

107

S

6

1.0

12
15
16

IB

20

22
24
25

27

30
31-
32

DO 107 ! =IeNVV
FA(III) " FA(ItII/Plo2.0
JL • 1 "1

DO lOT J = JLeNV
FAIl,J) • FAi|eJI/PI
FA(JI|) " FAfleJ)

RETURN
END

FORTRAN ..

SUBROUTINE SHADE(|IJ,KK,NAPtKATI
DIMENSION DATAfg2tI6}tLDATA(22plb) tPOSIIOOOt31tARAI|OOO93)tDM||34

IOg) tPI22,3,3I,DM2|31eDM3(OItNTNf57)
COMMON DATA,POSeARAeDNItPtDM2tNS,DM3tNTN
EQUIVALENCE |OATA_LDATAJ
LL • 37
KT " 1
K e2
K -K "1

IFIK -NS}|Ot|O,b
NAP "-1
GO TO 201

LL • LL _LOATA(KtAIoLOATA(KtS|
L • NTN(LL|
MA - XABSFILOATAIK,||).
IFiKTII2,22o|2
lF(KAY)15, IS, 18
IF|KKI20,20tt6
KK mO
GAM • SQRTFIPOSII,I)oo2 _POSllt2)oo2 _POS|l,31eo2|
GAMZ • POSII,II/GAN
GANY • POSilt2I/GAM
GAMX • POS|It3|IGAH
Pll • POS(l,ll "POS(I.2I ,POSll,3l
GO TO 20
DNZ • POSIle|l -POStJtl)
ONY • POS|le2| -POS(Jt2|
DNX - POSIIe3I -POSIJt3)
Pi - POSll,ll _POS(1,2) _POSII,3I
PJ • POS(J,l| _POS(Jt2) _POS|Jt3)
KT 80
|F(NTN(LL) -J12SoSt24
IFINTNILL-II - J_Se2SeZS
BR •ARA(Lt3Ie[POS(L,3) -POS(J,3)) _ARAILt2Io(POS(L,2) -POSiJe2|)

I _ARA(Lt|)eiPOSIL,g) -PDS(J,II)
IF(KAT|33s33t27
BA • ARAILe3IoDNX _ARA(Lt2IeONY _ARAiLelIoDNZ
|F|ABSF|BA) -l.0E-b)StSt30
IF(NTN(LL) -1132,5,31
IFINTN(LL -11 - l)St32t32
BK •BK/BA
PZ • POS|J,I|" ,BKoDNZ
PY • POS|Je2) _BRoDNY

E-14

060
061
062
063
064
065
066
067

001
002
003
004
OOS
006
007
008
009
010
011
01Z
013
014
OIS

016
017
018
019
020
021
02:P
023
024_
02S
026
027
028
029
030
031
032
033
034
033
036
O37
038



33

34

35
37

C
40
42
43
44

C
50

Sl
53
54

55
57
58

¢
6O
61
63

64

65
67
68
200
201

PX • POSIJ,31 *BKeDNX
A ,, PX ÷PY *PZ
A ,, IA -PII/IPJ -AI
GO TO 35
8A • ARAiL,3IQGAHX *ARA(LtZI*GAMY
IFIABSFIBAI -l. OE-O) 5t5,34
8K • 8KIBA
PZ - POSIJt|} *BKeGAMZ
PY • POSIJI2I 4.SKuGAMY
PX • POSIJt3S *BKaGAMX
A "-PllltPJ-PX-PV -PZI
IF(AISISt37
PYY • PIKtII2)IIPX -DATAIKt|3))
4"P(KI3t2|e|PZ -DATA(KIlL))
PX : PIKIIe|)eIPX -DATAiKtI3))
*PiKI3,1Ia(PZ -OATAIK111I)
Py • pYY
GO TO i40, SO,bO ),MA
FLAT PLATE
IFIPY - OATAIK,T))S,43,42
IFIPY - DA_A(K,9))63,43,S
IFiPX - DATAIK,8|)5,20016'4
IF(PX -DATA|K,|O))200,200, S

DISK
R = SQRTFIPXs*2 •PYee2I
IF(R -DATAIK,911SILtS3,S
IFiR -DATAIK, TIIS,53tS3
IF ( PXISStS4,S4
GR •ACOSFI PYIRI
GO TO 57
GR • 360.-ACOSFIPY/RI
|F |GR-DATA|Kt8| 15,200158
IF(GR -DATAiK,IO))200,200,5
TR I ANGLE
IF(PY -OATA|Ke71)5,63,6|
IFIPY -DATAIK,9))b3,63t S
R • SQRI'FIPXee2 • PYee2)
IF IPX) 65,64t64
GR •AGOSFI PYIR)
GO TO 6T
GR • 360. -ACOSFIPY/R)
IFIGR -DATAIK,S)15,200,68
IFIGR -DATAIKeIOlI200,2OOtS
NAP "1

• RE TURN
END

*ARA(Lt||oGANZ

• /
? t-,-_.-1

÷P|Kt212I*IPV -DATA ,12))

÷PIK,2,1)*|PY -DATA! 12))

039
040

041
042
043
044
045
046
047
048
049
050
OSI -
052
053
054 •
O55
056

OST
058
0S9
060

061
062
063
064
065
066
067
068
069

07O
OTl
OTZ
073
014
075
076
077
078
079
080
081

FORTRAN
SUBROUTINE FLUX

DIMENSION DATAI22,161,LDATAI22,|6),DMII6000I,FAiSTt_
ICOSTI3TI,ASI221,AA(221,EIZ21,OM2(201),I)Iq3|31tON4(blII
2 ,FXSIZO,401eFXAI20,40)tFXPIZO,40)tFLUXSIZOt40t*FLUXa
3 I20,401,8121,21),DMbII3SI,RAOK|21,211

I,AREAI9711
ql21tOMSI40l
ZO,4OIeFLUXP

r,-15



3

4

7
10

12

lg
20

24
C

2S

/
"DIMENSION MPI3?IoQ{3,20),GSI21,21)tGPI211,GA(211ITENP(ZLI,TASI221

I _TAA(22IoTEI221
COMMON OATAoOMIoFAeAREAtCOSToASoAAtEtDM2tNSoSHDeNITEtlZoIKeDN)*

| NVoOM4oINeOMSoFXSoFXAoFXPoFLUXS,FLUXAoFLUXPeBoDMbeNTABLEeSBCtTSUN
2 ,TSS,TDS,RADK

EQUIVALENCE |DATAeLDATA)
Li " Li "1
IF(IZ)2,6,2
LI - |
WSUN m SBCeT$UNee4
DTI - TSS -YDS
DT2 = 11.0 -ASI2))oISUN
NVS "NV -37
NSL -NVS *|
NS2 " NVS *2
/FINS "35 -NV)316,6
DO 4 ! " 3,NS
TAS(1) " ASll)
TAA(I) = AA(il
TEll) * EIII

.LA - 0 ,i
DO S ! " 3INS
LB 8 LA _1
LA - LA _LDAT&|It_)eLOAT&IIoS)
DO S J • LS,LA
J) •J*2
AS(JI) • TASIll
AA(JI) 8 TAA(|)
EIJI) • TEll)
DO 10 I =2,3T
WPII) -TOS
IFiCOSTIIIIIO, IOo7
WP(I) • WPll) +DTIeCOST(I)
MP(|) " SBCoMPIIJoo4

MPE • O.
APLAN •00
O0 12 I "2,37
WPE - MPE _AREA|I)oMPil)
APLAN • APLAN *AREAII)

_HPE • MPE/APLAN
DO,2O I "38,NV
11 nl -3T
Q(leI|) : FAIItlIeWSUN"
QI2tlI) • O.
Q(3,11) • Oo-
DO 19 J =2,37
Q12,111 = QI2,11) *FAIJ,I)eIFAII,JI/AREA(JI)
QI3, lll • QI3,1&) .FAIJ,i)eMPIJ!
Q(2,11) " QI2eII)eDT2
IF.(IK)25,24,25
IF(IZ)2S,60,2S
ASSIGN PLANETSHINE MATRIX
811,11 •10
GS(I,I) * O.
0030 I -2,N51

001
00Z
003
0O4
DOS
006
001
0O8
009
010
011
012
013
014
015
016
011'
018
01g
020
021
022
023
024
025
O26
021'
028
02_l
030
031
O32
033
03n,
035
036
037
038
039
040
041
O42
043
044
045

046
04T
048

t



3O

34
35

44

45

46

5O

54
55

C
60

62

67
68

TEKPIII u QI3eI-I)/NPE
Blltll = O.
GSIltll = [EMPIil
DO 35 J -2,NSI
Jl =J _36
J2 " J ÷ ;
OT =(E(J2) -|.OI/E(J2)/AREAIJ|!

8(ltJ) " OToTEMPIJ)
GSIItJ) = EIJ21eTEMPIJ)
00 34 I =2,NS|
!1 - i *36

BlltJ) = OTsFAIJIolII
GSII,J) " EIJ21sFAIJI,I!)
BlJtJ) = 61JtJI ÷ I.O/EIJ2I
CALL INVERTINSII
00 45 J "I.NSI
DO 44-1 =|tNSI
TEMPIII = Oo
DO 44 K.B|eNSI
TEMPIII - TEHPIII *B(ltKleGSIKtJI
O0 45 I -L,NSL
GSIIIJI = TEMPIil
00 46'! "2eN51
GP(II'' GSII.II
IFIIZ)50,60.50
00 55 i _I,NVS
II "! *I
12 .=i *2
13 "! .31
TEMP(I)-0°
DO 56 J =I.NVS
Jl =J *I

RADKII.J| = GSIII,JI)*SBC
TEMP(il - TEMPIll *GSIiI.JII
RADKII,211 -(EII2IeAREA(13)-TEMPIIIIoSBC
ASSIGN ALBEO0 MATRIX
8( ltll =1.
GSII,II " 0o

DO 62 ! " 2,NS1
TEMPII) _.QI2, I-II/WSUN
8I!,1) =0.
GSIIt|I - TEMPlll
DO 68 J "2.NSI
Jl " J'36
J2 • J* I
DT - (AAIJZI -I.O)IAAIJZ)IAREAIJI)

BlltJ) • OTeTEHPIJ)
GS(|.JI ,, AAIJZIoTEMPIJI
DO 67 I "2,NSI
II " i* 36
6lltJI • OTsFAIJI.II)
GS(I.JI - _AIJZIoFAIJIelI)
BlJeJ) .-9lJeJ) *I.O/AdIJ2)
CALL INVER| INS| t
DO 75 J-ltNSl

_-_I _64-1

049
050
051
052
053
054
055
056
05T
058
059
060
061
062
063
064
065
066
061
068
069
070
OTl
072
073
074
075
076
077
078
079
080
081
082
083

084
085
086
081
088
089
090
091
092
093
094
095
096
091
098
099
100
101
102

.o

1
E-17



76,

75

77

80
81

C
84

86
87

94

qs
100
105

107

_110

112
115

DO 74 i'1•N$1
TEMPi1) • O.
00 74 K •LtNSI
TEMPi1) -TEMPI1) ÷6|I.K)oGS(KeJ)
DO 75 I "1,N51
GS(itJ| • rEnP(I)
DO 77 I "2.NS1
GAiI) "GS| |el |
IF (NITE)84eO4eSO
O0 8L 1 - 2,N$|
GSiL,I| • O°
GO TO 100
ASSIGN SOLAR MATRIX
8(1,11 • 10
GS(leXI - O.
00 8T J"ZeNSIL
Jl • J e36
J2"J _1
DT • (AS(J2) -1.0|IAS(JZIIAREA(JI)
BtJ.l) • Oo
GS(Jtl) 8 FA||.J|)
8(ltJ) • OTeFA(J|tI!
GS(ltJ) " AS(J2)eFAiJI,I)
DO 86 1 "2. NS1
11 -1.36
B(leJ) -OToFA(JlelI)
GSII.J) • ASIJ2JsFAIJ|,I1)
B|JjJ) " B(JeJ) 4_ 1,0/AS|J2)
CALL INVERT (NSI)
DO gs J "I.NSi
DO 9_ I "LENS1
TEMPI1) • O,,
DO 96 K •L.NSL
TEMP(I) " TEMP|i) _ B(ItK)eGSiXtJ)
DO gs 1 - I eNSI
GSII,JI • TEMPfll
GO TO ( 105.1.101 ,NTABLE
DO 10T I 81.NVS
11 • i +3?
FXSII,LI) -lOll,I) + QI2,l))IAREAI11)
FXPIleLi) - QI3.1)IAREAII1)
12 • 1 ¢'L
FLUXSI|eLi) •|GSII.12) _GA(12I)eWSUN
FLUXPiltLI! " GP|I2)oWPE
GO TO 115
O0 112 ! ,,I.NVS
11 "I _37
12 " I 4'1
FX5(ltLII ..Q(I,. I11AREA(11)
FXAIIeLll -QI2. I)/AREA!!11
FXPiI.LII •Q(3. i|IAREA(I1)
FLUXS|I.L_! - GS¢I.I2)oWSUN
FLUXA|IeLI) " GAilZ)eNSUN
FLUXP(ItLI| - GPfIZ)oWPE
IFiLI -IN!211140t120tL_O

S--18

H-16-6/_-1

103

105
L06
107
108
LOq
ILO
Ill
L12
113
114

.115
1i6
117
110
119
120
121
122
123
126
125
126
127
128
129
130
131
132
133
13_
135
136
137
138
139
1_0
1'_1
142
143

149
150
.LSL
152
153
LS'b
155
15(,



i

i*i

!i

120

L25

127

130

132

140
142

145

147

150

152
160
170

S9

LK = L i *]L
GO TO (|25tI30)tNTABLE
DO 127 1 tltNVS
IX = I "31

FXS(I,LK) • FXSiI,LI|
FXSII,Li) = QI2tI)IAREAIIII
FXP|ItLK) - FXP(ItL|)
FLUXSiIeLK) = FLUXSIItLI)
FLUXSII,Li) = GAII÷I)eWSUN
FLUXP(I,LK) = FLUXP(itLI)
GO TO 160
DO L32 ! =I,NVS
11 = I "31
FXS(ltLK| - FXS(I,LI|
FXSlloLII - O. -
FXAIItLK) • FXA||eL.|)
FXP(I,LK| • FXP(IILI)
FLUXS(I,LK| =FLUXS{ltL||
FLUXS(ItLII = O.
FLUXA(I,LK) •. FLUXA(I,LI)
FLUXP|I,LK| = FLUXP(I,L||
GO TO |bO
IFIL| *1-INlLl|'17Ot162,l?O
LK = L I el
GO TO (165tlSOItNTABLE
DO 161 i =I,NVS
11 •1 *37

FXSII,LK) • QI2eI)/AREA(II)
FXP(IoLK) = FXPfltLI)
FLUXS!IeLK) - GAII*I)eklSUN

FLUXP{ItLK) • FLUXPiilLI).
GO TO 160
00 152 l "LeNVS
FXS(|ILK| =0.
FXA( |ILK! =FXA| ItLi)
FXP(ltLK| =FXP| I,L| |
FLUXSII,LK| " O°
FLUXAII,LK) = FLUXA|ItLI|
FLUXP|I,LK| • FLUXP|I,Li)
LI • L| • |
RE TURN
END

FORTRAN

SUBROUTINE INVERT INN|
DIMENSION DM|(168T6) ,A| 21, 21) t IN(21) tTEMP(2|)
COMMON DM|•A
NS•NN
IN•O
]NAXOsNS-'|

TEMP=A
DO 70 I=2,NS
IF (ABSF I TEMPI-ABSF ! A| | t 1)) ) ?IeTOtTO

_-19

15T
158
159
160
161
162
163
|64
165
166
167
168
169
170
171
172
173

175
176
177
178
179
IBO •
181
182
183
186
185
186
187
188
189
190
191
Iqz
193

195
196

197
198

001
002
003
00_
DOS
006



!

t

!.

71

TO

73

74
72
98
.T5

8O

• 55

85

82

81

84

886
83
97
54
86

89
IO0

603

602
6OO
700

IN,,!
TEMP"AI Ii||
CONTINUE
IFIIN) T3,?2e13
IS-IN
DO 74 J"IINS
TEMP*AI ltJ)
At l,JJ'Al|SIJ|
A( I SI JJ"TEMP
IFIA) 98199eq8
DO 75 1"2,NS
AI I ol)-AI I ,II/A
DO 100 ItZeNS
IPO'l*l
INOol-I
DO. 80 L"te IMO
A( l, I)"AI |, I J-AlL, [ )oA| |oL)
TEMPuA| l,l)
IFII-NS) 55,83,5S
INI i)'0
DO 81 IS'lPOtNS
DO 85 L"lt llqO
AI 1S,l I"AI IS, i I-AI L,I) *AIIS,L)
IFIABSFITENPI-ABSFIAIIS,||)) 8298|s81.
TENP"A( IS, I J
|HI l)"lS
CONTINUE '-
I$S-INIII
IFIISS) 86t83e'84
DO 886 JIltNS
TEMP'A| leJ1
A( i,JIsAIISS,JI
A( ISSoJJ=rEMP
IFIAI|,iI) 91',9qe97
IF(I-NS) 54elOOt54*
DO 86 I5"|POeNS
A(IStl )"A( ISel)/A(I el)
DO 89 JSn|POeNS
DO 89 L"I, IlIO
AII ,JS)'AI 1 ,JSI-AIL,JS)*A( I eL)
CONYINUE
DO 600 JPslfNS
JuNS4_L-JP
A(J,JJ"I*/AIJeJ|
IFIJ-|) 603,?00t603
DO 600 IP"2,J
luJ.tl-tP 1 •

IPO=14'.l
TEMPs0.
DO 602 L"IPO,J !
TE MP-,T EMP"A I ! ,L I sA I L.J |
AI | ,J)sTEMP/A| I eli
DO ISl J,,lelNAXO
JPO"Jl'l
DO 151 IsJPOeNS

F,-20

M-16,-6_1

007
008
OOg
OlO
011
012
013
014
015
016
017
018
019
020
021
O22
023
O24
025
O26
027
O28
029
03O
031
032

-033
03**
035
036
037
038
039
040
041
042
0_3
O44
045
046
047
048
O49
050
051
052
053
O54

'05g
O56
051
05|
05tJ
O6(]
0(:1



4"
..°

.

152

153
I54

15l

898

897
899
90O

90[

5O2

503
SO0

I
99

20O

I
.2
3

4

5
6

/
TE_IP=O.
IMO-I-I
DO 15.* LtJelMO
IFfL-J| 152t153,152
TEMPsTEMP-A [ I eL leaf LtJ)
GO TO 15.*

TEMP=TEMP-A| I iLl
CONTINUE

AII ,J) =TEMP
DO 901 I'ItNS
DO 900 J'I,NS
TEMP(J) =0.

DO 899 NmI,NS
IF(N-J) 899,897_898
TEMP{J)sTEMP(J)+AII,N)eAiN,J) .
GO TO. 890

TEMPi J) =TEMPI J) +AT I tNI

CONTINUE
CON T I NUE
DO 901 J=IeNS
A( I tJI =TEMP(JI
DO 500 Isl. NS
M'NS_I-I

IFiIN|M|) S02_SOOt 502
ISS"INIMI
DO 503 L=ItNS
TEMP-,AILt ISSI
AIL,ISSI'AILeMI
A| LIMIsTEMP
CONTINUE
RETURN
WRITE OUTPUT tAPE 6_200
FORMATISOH|RADK MATRIX IS "SINGULAR.
CALL EXIT
END -

PROGRAM CANNOT CONTINUE.)

062

063
06**
065
066
06T
068
069
07O
071
072
O73
07**
075
076
O77
078
079
O80
081
082
O83
O8**
O85
O86
O87
O88
O89
O9O
091
O92
093
09**
095
096

FORTRAN

SUBROUTINE OUTPUTINVARtNCARDStNFORMTtMANtTHETINeTHETFll
DIMENSION OMI(960|ItAREAISTItOMZI312ItOM3[SSItDM**I2)tINI2)eTIMEI4

IOItFXSI2Ot**OI_FXAIZOI**O)tFXPIZO,**OIeFLUXSIZOt**O)eFLUXAI2Ot**OIe
2 FLUXPI20tBOItOMSI**BIItMRITIZZtb)tDMbIZItRADKI2|,21)

COMMON DM|tAREA,DM2,NV,DM3tPIION**tiNeTIMEtFXStFXAeFXPtFLUXStFLUXA
I,FLUXPoOMStMRI-T_ECCePERIODtNPOeNTABLEeSBCtTSUNeDM6tRADKtTHEtBETAe
Z KADtDSUN

FORMATI|H|I 001
FORMATIS6HOPERCENT TIME IN SUN NOT CALCULATED FOR PARTIAL ORBIT I 002
FORMATI/67H RADIATION CONSTANTS FOR VEHICLE NODES. SPACE 003

I - NUMBER 21 I OO**
FORMAT| 3**HI PERCENT TIME IN THE SUN -Fb.|o|gX|6HALPHAISl DOS

IANGLE -FT.1 //gXZOHORBIT ECCENTRICITY -FT.**t23X|2HBETA ANGLE -F?.|OO6
2// 9XIBHSOLAR CONSTANT -EI2.S // 9XI4HORBIT PERIOD =E|2.S I 007

FORMATIqX2HKII2tIH, 12,**HI - E12.5) 008
FORMATI2OHI • ERROR IN BLOCK. S I " 009

F,,-21



M-16-6/,,-1

B
9

lO
11
13
14
15
16
LT
18
19
20
21
Z2
24
25
26
2T

51

53

54

56

5B
60
62

64
66

68

70
75
76
100

101

FORMATIIStBIX31HSOLAR • ALBEDO, TOTAL ABSORBED )
FORNAT(ISeIOXEIS.St|bX31HSOLAR • ALBEOOt TOTAL ABSORBED I
FORNATIISt61X31HSOLAR • ALBEDOo DIRECT INCIDENT )
FORMAT(ISe|OXELS.StlbX31HSOLAR • ALBEDOt DIRECT INCIDENT I
FORMATfISX2EIS. St|XSA6tA4I
FORNATf|SR2E|S.S )
FORNAT|/IS,61X28HPLANETSHINE, TOTAL ABSORBED )
FORMATIIlStIOXE15.StI6X28HPLANETSHINEe TOTAL ABSORBED |
FORMAT(lES,_LX28HPLANETSHINEp DIRECT INCIDENT I
FORMATIIIStLOXE|5.StI6X28HPLANETSHINEo DIRECT INCIDENT )
FORMAT|/IStB|X22HSOLARt TOTAL ABSORBED |
FORNATI/IS,IOXEIS.StL6X22HSOLARt TOTAL ABSORBED )
FORNATIIISt41X22HSOLARo DIRECT INCIDENT .|
FORMATIlISt|OXEISoS_|bXZ2HSOLARo DIRECT INCIDENT )
FORMATf/ISt_LX23HALBEDO, TOTAL ABSORBED I
FORNAT(/ISe|OXE|S.S_|BX23HALBEDOt TOTAL ABSORBED ).
FORMATllIS,41X23HALBEDO, DIRECT INCIDENT )
FORMAT(lIStlOXEIS.StI6X23HALBEDOt DIRECT INCIDENT I
NVS " NV -37
NS| " NVS_ I
IFiNVAR.)TOtTO,S|
SOLAR - SBCeAREA||)/PIoTSUNee41DSUN_e2

(FIRADIS4tS4, S3
WRITE OUTPUT TAPE 6o2
PSS "O.
GO TO 66
IN2 " INI21
IN1 - INIII
IFiMANIS6tS8,S8
PSS - TIMEI|NI| - TIMEilN2)
GO TO 60
PSS - TIMEIINII • PERIOD--"TIMEIIN2) -+

IF(PSS)b4eb4t62
PSS - PSS/PERIODe|OO.
GA3TO 66
PSS " 100.
WRITE OUTPUT TAPE b_BtPSSoTHEeECCtBETAoSOLARePER|OD
WRITE OUTPUT TAPE 6e3
Jl '1
DO 68 | sltNVS
Jl "Jl •| "
WRITE OUTPUT TAPE 6tSt(ItJtRADKlltJI,J sJIeNVS)

J sZI
WRITE OUTPUT TAPE 6tSt(l,JtRADKiltJlt 1 "|IN¥S)
IFINFORMT -2|7StTSt?6
GO TO (lOOs|O0| tNFORNT
WRITE OUTPUT TAPE 6t6
WRITE OUTPUT TAPE 6t1
GO TO ||O|t2OI|eNTABLE
DO 1)0 ! I|eNVS
N -2el -1
|F(KAD) IO_t|O411O3
WRITE OUTPUT TAPE 6o|oN
GO TO 105
WRITE OUTPUT TAPE 6ogoNoPERIOO

£-22

OlD
Oil
012
013
014
015
016
OL7
018
019
020
021
022
023
024
O25
026
027
028
029
O30

03|
032
033
034
035
O36
037
O3B •
O39
040
041

-042
043
044
04S

046
047
048
049
050
OSl
O52
O53
054
055
OS6
O57
OS8
059
ObO
061
062
063
064



,

lOS WRITE OUTPUT rAPE 6tl3tTIMEIi]tFLUXSIItl)t(WRITI|tJ|tJ=|t6)
WRITE OUTPUT TAPE 6tlkt(T]NEIJ)_FLUXSIItJ)tJ =2tNPO )
IF | KAO) 108,108,109

108 WRITE OUTPUT TAPE 6,14,PERIOO, FLUXSIIt|)
|09 IF(NPO - 24|113t|l)t|||
111 WRITE OUTPUT rAPE 6,1
113 K - ItI

IF !KAD! 119,119, I17

117 WRITE OUTPUT TAPE btlStK
GO TO 121

119 WRITE OUTPUT TAPE 6116tKtPERIOO
121 WRITE OUTPUT TAPE btI3eTIHE(L)tFLUXPIItlJI(WRIT(ItJ|tJ "|t6|

WRITE OUTPUT TAPE 6tI6,(TIMEIJ)tFLUXP(|tJ)tJ"ZtNPO)
IF (KAO) 12St 125,130

125 WRITE OUTPUT TAPE 6tI6tPER.IOOtFLUXPI[,I)
130 WRITE OUTPUT rAPE be|

DO 155 I,,I,NVS
N -2*I -1
IF iKAO) 133t 133,132

132 WRITE OUTPUT TAPE 6tlOtN
GO TO 134

133 WRITE OUTPUT TAPE 6tIIINePERIOO
136 WRITE OUTPUT TAPE 6tI3tTIMEIIItFXSIItl),IWRITIltJItJm|t61

WRITE OUTPUT TAPE 6,16, ITIMEIJI,FXSII,JIt J:2tNPO)
IF (KAO1137t 13Tt 139

137 WRITE OUTPUT TAPE 6tI6pPERIOOoFXSIIt|I
139 IF (NPO -26) 162o 162t 160
160 WRITE OUTPUT TAPE b,1
142 K " I ÷I

IF (KAD) 166,166, I6S
165 WRITE OUTPUT TAPE 6tlTtK

GO TO 167.
166 WRITE OUTPUT TAPE 6_|StKtPER[O0
167 WRITE OUTPUT TAPE 6tl3tTlMEtI)lPXP(ltlltiWRITiltJlIJ"lt6)

WRITE OUTPUT TAPE 6_16tlTIMEIJItFXPIltJItJ "2tNPO)
IF iKAOI ISOt 150t ISS

150 WRITE OUTPUT TAPE'6tI6_PERiOOtFXPIItI)
155 WRITE OUTPUT TAPE 6t1

IFINCARDS -lISOOtISgt156
156 I F (NCAROS-21180t I80t 157
157 NP "1

GO TO 160
159 NP t-1
160 00 176 1 " ltNVS

N " 2e1 -|
IFIKAOI 163e 163t 162

162 PUNCH 8tN
GO TO 16"

163 PUNCH 9tNePERIOO
166 PUNCH |3iT IIqEI | I tFLUXSI 1,11, IWRITII tJI tJ"lo6l

PUNCH 16tlTIHEiJItFLUXSIltJItJ =2tNPO I
IF IKAD1166t 166t 161

166 PUNCH I_tPERIOOtFLUXSI I t II
167 K • 2*1

IF IKAO) I70eI70ti69

_23

065
066
067
066
069
070
07|
072
073
07,
075
076
077
078
079

.080
081
082
083
086
085
086
087
088
089
090
09|
092
093
09,
095
096
09Y
098
099
100
101
102
10)
10,
10S
106
107
108
109
110
111
11Z
113
11,
|15
116
117
118
119



169

ITO
171

173
176

180

182

183
184

186
188

185)

190
191

193
198

201

202

203
2O4

206
2O7

2O9

210
212

213
214

.216
217

)4..1_-E_-I

PUNCH 150K
GO TO ITl
PUNCH 16,KtPERIOD
PUNCH 13,TINE|I),FLUXPII,I),(WRITIIIJ)tJ'lt6)
PUNCH 14,(TIME(J)tFLUXP|I,J)tJ 82tNPO)
IF(KADIIT3eI73t|76
PUNCH 14, PERIOO,FLUXP(I,I)
CONTINUE
IFINPISOOeSOOe|80
OO 198 I "L,NVS
N " 2el -t
IFfKAO|IB3eI83eI82
PUNCH |OeN
GO TO 184
PUNCH lieN,PERIOD
PUNCH |3eTIME|||,FXS|ItI),|WRIT|leJ)tJ'|e6|
PUNCH |4,(TINE|J|,FXS|IeJ) eJJ2tNPO)
IFfKAD|IO6,|86e188
PUNCH 14ePERIOD,FXS(|,I) -.
X " I_!
IFiKAO|IgO,|90, I89
PUNCH IT,K
GO TO 191
PUNCH 18eKePERJOO
PUNCH 13,T|RE|II,FXP|Itl)t(MAIT|I,Jt, J -le6I
PUNCH 14, |TINE|J),FXP|i,JJ, J-t29NPO)
IFiKAD) I93,193,198
PUNCH |4,PERIOD,FXP|I,I|
CONTINUE
GO TO500
N - 0
DO 226 ! oI.,NVS
N 8301 02
IF|KAOI203,.203eEO2
WRITE OUTPUT TAPE 6elgeH

GO TO 204
WRITE OUTPUT TAPE 6t20tN,PER|00
WRITE OUTPUT TAPE 6o131TIHE(I)_FLUXS|ItlJ,|WRITiItJ|tJ mle6|
WRITE OUTPUT TAPE 61141|TINE|J)eFLUXSIiIJ)eJ e 2,NPO )
|F(KAD)2Obe2Obe20T
WRITE OUTPUT TAPE 6t14,PERiODeFLUXSilt|)
K - 3ol -1
M 8 M • NPO ._ ?
IF(H -60)210,209,209
WRITE OUTPUT TAPE 6,1

IF|KAOI2L3e2|3eZLZ
WRITE OUTPUT TAPE 6,2**tt
GO TO 21.*
WRITE OUTPUT TAPE 6t2SIKgPERIOD
NRITE OUTPUT TAPE 6tI3tTIRE(I),FLUXA|I,IIe|WR|T|IeJJeJ -1,6!
WRITE OUYPUT TAPE 6,14,ITIMEIJ)tFLUXA(1,J|,J e2tNPO 1
lF|KAO)216,216,217
WRITE OUTPUT TAPE 6eI4tPER|ODtFLUXA(|tI|
L m 30|

E-2_

IZO
121
122
123
12.*
125
126
127
128
129
130
131
132
133
13.*
135
136
137
138
139
1.*0
1',1
142
1',3
1'***
14S
'..**6

1..8
149
150
151
15Z
153
154
155
156
15T
158
159
160
161
162
163
16.*
165
166
167
168
169
1TO
171
172
173"
17.* *



218

219
220

221
222

223
224

225

226

228

229
230

232
233

235

236
23T

238
239

24L
242

243

244
246

247
248

250

M u M ÷NPO +_
IFIM -60|2|9t2iOt2|8

WRITE OUTPUT.TAPE "6m|
M • 0
IFiKAD)22|e22|m220
WRITE OUTPUT TAPE 6e|StL
GO TO 222
WRITE OUTPUT TAPE 6t|6tLtPER|OD
WRITE OUTPUT TAPE 6tI3tT|MEIL)tFLUXP|It|It|WRITIltJ|eJ•|t6)
WRITE OUTPUT TAPE 6oI4tiT|MEIJ)tFLUXP(ItJ)eJ =2tNPO |
IFIKADI223t223t224

WRITE OUTPUT TAPE 6tlTmPERIODtFLUXP(|oI|
M • M +NPO _T

IFiM -601226t226t225
WRITE OUTPUT TAPE 6oL
M "0
CONTINUE
WRITE OUTPUT TAPE be[
M •0
00 255 | tLI NVS

N " 3ol -2
IFIKADIZ29t229w228
WRITE OUTPUT TAPE 6t2|tN
GO TO 230
WRITE OUTPUT TAPE 6t22.tNoPER|OD
WRITE OUTPUT TAPE 6tI31TINEIIIIFXS(ItI)tIWRITIlIJII J •ltbl
WRITE OUTPUT TAPE 6el**t ITIMEIJItFXSIIIJIe J •2oNPO)
IFIKAD)232,232,233
WRITE OUTPUT TAPE 6tITIPER|ODtFXS||tll
K - 3el -1

M - M +NPO tT
IFIM -60 1236,235,235
WRITE OUTPUT TAPE 6t|
M - 0

IF(KAOI238t238e237
WRITE OUTPUT TAPE 6t26eK
GO TO 239
WRITE OUTPUT TAPE 612TtKtPER|00
WRITE OUTPUT TAPE 6eI3tTIMEIIItFXA(It|ItIWRITIItJIe i "|e61
WRITE OUTPUT TAPE 6tL4t (T|ME(JIeFXA(ItJIt J •2INPO)
IF[KAO)2**It2**[t262
WRITE OUTPUT TAPE 6tL**tPERIODtFXA(|eI|
L " 3el
M • M +NPO +7
|F(M-60124%2**3,2**3
WRITE OUTPUT TAPE 611
M • O.
IF(KADI247t2**Fe2**6
WRITE OUTPUT TAPE 6elTeL
GO TO 248
WRITE OUTPUT TAPE 6tIStLtPER|OD
WRITE OUTPUT TAPE 6t|3tT|MEll)mFXPlltllo IWRITiltJlm J •|t6)

WRITE OUTPUT TAPE 6,1**mITIMEIJ)mFXPIImJ), J m2mNPO)
IF(KAOI2SOt2SO_2S|
WRITE OUTPUT TAPE 61I**IPERIODtFXP|Iel)

1'75
[76
177

178
179
180
181
182
183
184
185
186
LeT
188
18q
190
191
192
193
19.*
195
196
191'
198
199

200
201
202
2O3
2O**
205
206
207
208
"209
2LO
21L

21Z
213
214
Z15
216
Z|?
210
219
220
221.
222
223
22**
225
226
22?
228
229



P,.1_-(_-1

251

253

255

257
258

259
260

262

263
264

266
267

268

269
27O

272

27)

275

276
277

279
280

283

284

265
286

287
268

290

291.).i

_ Z-26

+

M " N e.NPQ t?
IF(M -6012551255t253
MRITE OUTPUT TAPE 6t|
N " 0 -
CONTINUE
IFINCARO$ -|1500t259t2S7
IF (NCARO$ -2)283e283,258
NP " |
GO TO 260
NP u --1
00 280 I "ItNVS
N • 3el -2
| F ( KAO ! 263 • 263•262
PUNCH 19•N
GO TO 26'.
PUNCH 20tN, PERIOD
PUNCH 13,TIIqE(1.I,FLUXSIItIItIMRIT(I,J)tJ 8116|
PUNCH 1.4jITINEIJI.FLUXS(ItJItJ s2eNPO )
! F ( KAO 1266 t 266 • 26T
PUNCH 114t PERIOO, FLUXSIIolI
K ,,3et -1.
I F ( KAO 126q • 269 t 268
PUNCH 24)+K
GO TO 270
PUNCH 25•K• PERIOD ..
PUNCH L3tTIHEI1.I.FLUXA(],I) ,(klRIT(ItJ)eJ "1•6)
PUNCH 16•(T[ME(J)eFLUXA(ItJ|t J'2tNPO )
IF (KAOI272•272t273
PUNCH 1._•PERIOOtFLUXA(I•|)
L " 3ol
IF(KAOI276,276,275•

PUNCH 151L
GO TO 277
PUNCH 16•L•PERiOO
PUNCH 1.3•TIME(||tFLUXP(Io1.)e(WRIT(ItJ)•J 81•6)
PUNCH 1.4e(lr|ME(JItFLUXP(IeJ)• js 2eNPO )
i F ( KAO 1279 • 279 • 280
PUNCH 1.'•PER[ODtFLUXP(Iel)
CONTINUE
I F (NP 1500• 500• 283
00 299 I "L•NVS
N " 3el -2
I F (KAI) ) 285 • 285 • 284)
PUNCH 21.• N
GO TO 286
PUNCH 22oN• PERIO0
PUNCH 13,TINEILItFXS(lel),(MRITIltJ)• J ..1•6)
PUNCH 14• (TIHE(J|eFXSII*J)• J "2•NPO)
IF (KAOIZ87128T• 288
PUNCH 1.6• PERIOO•FXS|i_11.
K " 3e-I "I
I F ( KAO! 291 •2911290 +
PUNCH 26,K
GO YO292

PUNCH 2TeKePER|00

230
231.
232
233
234
235
236
23T
238
239
240

242
24)3
24)**
24)5
24)6
24) 7
2,8
24)9 +
250
251
252
253
254)
255
256
257
258
259
260
261
262
263
264)
265
266
267
268
269
270
2"/1
272
273
274)
2TS
276
277
278
279
280
281
282
283
284



T"

°

..

. °

"T "

292

293
294

295

296
297

298
299

• 500

TAN

OK|NT

Oi

O2

PUNCH
PUNCH 14t (TINEIJ),FXAIItJ)t
IF(KAD)29$.293t296
PUNCH I_.PERIOOeFXA||tl)

L = 3tl
IF[KAO)296.29btZ95
PUNCH 17, L
GO TO 297
PUNCH 16tLtPERIO0
PUNCH |3e T[NE(||oFXP(|,]).
PUNCH |k, (T|HE(J),FXP(|,J),
]FIKADI298,29B,299
PUNCH 14ePERIOO,FXPI|eI|
CONT|NUE
GO TO SO0
RETURN
END

13. TIHEI|I.FXAII,I)tIWRITII,J)t

J "2,NPO)

(WRITII.J),
J =2,NPO)

FAP
COUNT
LBL
ENTRY
UFA
STQ
STQ
SXA
$XA
ANA
XCA
CLM
OVP
PAX
XCA
ANA
PAX
CLA
,SSP
CAS
TRA
NOP
XCA
TRA
TAR
TRA
TRA
FMP
FAD
TRA
PXO
PDC
TX!
FNP
FSB

500
TANt2
TAN

"0233000000000

1)
lltI
BACKt2
BACK,|,k
"OTTYTTTTTY

..kS ..-

Or2

"3
.Ot_
il

01[ ,k

03
02.
|NTt2
II'ANlrl2
BACK
Or2
Oe2
*'e' t,2,_,S
INTt2
I"ANTe2

F,.-27

J "| ,6)

J "1,6)

]',_16-64.-1

285
286
287
268
28q
290
291
292
293
296
295
296
297
298
299
300
301

OOZ
002
003
00',
005
006

OOT
008
009
OlO
011
012

' 013

O|k
015
016
011
018
019
020
021
022
023
02k
029
026
027
028
02q
030

03L
032
03)
03k



O3

O_

BACK

CHS
$1"0 11
CLA =1.
FOP LI
XCA
TRA BACK
FMP INT.2
FAD TANII'.2
CHS
STO |1
CLA =L.
FDP |l
XCA
TRA BACK
PXO Or2
PDC 0.2
TXI e4.1.2.45
FlqP INTe2
FSB YANl"t2
AXT oot2
AXT oot_
LDQ 134"1
TQP o4'2
CHS
TRA le 4
FSB =I.
TXl OKINT.2-tl
OCT
DEC _.IO000000E_OI
DEC -.96568877E,OQ
DEC ,.93251507E-00
DEC _090040405E_00
DEC _0869286T3E_O0
DEC _.8390996_E@O0
DEC _.80978402E*00
DEC -.TOLZBS62E*O0
DEC ,.75355406E*00
DEC *072654252E*O0
DEC _.?OOZOTS3E_O0
DEC +.6745085|Et00
DEC ,o649_0758EJ00
DEC +o62486934EJ00
DEC ÷.60086062E_00
DEC ,o57735028E_00
DEC +055430905E_00
DEC _0531709_3E_00
DEC -05095256_Et00
DEC _0_8773258E_00
DEC +0_6630764E_00
DEC _._522868E*00
DEC ÷042_7482E_00
DEC _._O_OZ622E_O0
DEC _.38386_03E_00
DEC ,.36397023E_00

M-16-_1

035
036
O37
038
039
0_0
041
042
043
044
045
046
047
048
049
050
051
O52
053
054
055
0S6
057
058
05g
060
06|
O62
O63
06_
065
066
067
O68
069
070
071
O72
073
07_
075
0T6
077
078
079
080
081
08Z
083
084
O15
086
08T
088
089



TANT

° .

ii

DEC ÷.32491968E*00
DEC _o30573067E*00
DEC *o28676538E_00
DEC ÷o26794919E_00
DEC ÷.24932800E*00
DEC ÷.23086819E*00
DEC *.21255655E_00
DEC _.19638030E_00
DEC ÷o17632697E_00
DEC ÷o|5838464E_O0
DEC *.14054083Et00
DEC ÷.12278456E_00
DEC *,10510423E*00
DEC *o87488662E-01
DEC _.699268LLE-O|

DEC +.52407778E-0|
DEC *.34920769E-O|
DEC _o17655065E-01
DEC _o
DEC +.3690658rE-0|
DEC _.33729647E-01
DEC ÷.32630404E-01
DEC +.31603158E-01
DEC _.30642039E-0|
DEC _.2974|951E-01
DEC ÷.28898293E-O|
DEC _.28EObgOgE-Oi
DEC ÷.27364037E-O|
DEC _.26666259E-01
DEC _.260|0479E-01
DEC _.25393874E-0|
DEC ÷.248|3874E-01
DEC *.24268136E-01
DEC ÷.23754516E-01
OEC ÷.2327EOS8E-O|
DEC ÷.22815966E-0|
DEC *.22387600E-01
DEC _.219B4450E-01
DEC _.21605136E-01
DEC *.2_248386E-01
DEC *.20913034E-01
DEC *.20598008E-0|
DEC _.20302319E-0|
OEC +.20025064E,01
DEC _.19TbS406E-Ot
DEC *.19522581E-0|
DEC *.|qzgsB86E-O|
DEC +.19084674E-Ot
DEC ÷.18888354E-O[
DEC ÷.18706382E-01
DEC *.18538267E-O|
DEC *.18383555E-01
DEC *.1824|838E-01
DEC *.18_2742E-O_
DEC _.|Tgqs937E-O|

_-.29

090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
11o

112
113

114
115
]Lib

118
119
120
121
122
123
124
125
126
t27

128
129
130
13|
132
133
134
135
136

138
139

141
142



INT

ATAN

INTQK

BACK

INT4

EVEN

TNBG

DEC
DEC
OEC
OEC
OEC
OEC
OEC
OEC
OEC
DEC
END

*.17891120E-0|
*.ITT98025E-01
*.17716620E-01
"017666098E-01.
_.|7586885E-01
_.17538635E-01
**I750L229E-Oi
_.|767657bE-O|
toLT65861OE-OL
,017653292E-01

FAP
COUNT
LBL
ENTRY
LAS
TRA
TRA
SXA
UFA
PAX
STQ
XCA
SSP
CAS
TAR
NQP
XCA
FNP
FRO
LOQ
TOP
SSn
AXT
TRA
FSB
TXl
CLn
ORA
TRA
STO
CLA
FDP
XCA
SXA
TSX
AXT
TMI
FSB
CHS
TAR
FAD

ZOO
ATANoZ
ATAN
mie

TNBG
EVEN
BACKe6
"0225000000000
0e4
L)

-0 L 72600000000
INV6

INTo6
ATANTe_
11
et2

ooe6

le6
-O 173600000000
[NTQK,4,1

=65.
I,6
11
tl.

1)

*.2,4
ATAN,3t4
ml@4

e,4

890°

"900

? •

165
166
147
14B
149
150
151
L52
153
154
155

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
OaT

., .I" 0 1 0

019
020
021
022
023
OZ4
025
O26
02T
026
O29
030
031
032
033
034
035
036
0311'
038
O39
040



[

11

CHS
TRA 1,4
OCT
DEC ÷.45000000E_02
DEC _.445_8713E÷02
DEC **4409060bE*02
DEC ÷.43624860E÷02
DEC *.43tSI736E*02
DEC *.42672.007E_02
DEC ÷.42|84435E_02
DEC ÷.41689010E_02
DEC _.4|[85703E_02
DEC *.406744?3E*02
DEC *,40|55462E_02
DEC ÷.39628682E*02
DEC ÷.3909366_E÷02
DEC *.3855034ZE*02
DEC _.37998644E_02
DEC *,37438495Et02
DEC **368698|2Et02
DEC ÷.36292S|6E_02
DEC *.35706523E*02
DEC ** 351| L743E÷02
DEC *.34508200E&02
DEC ÷. 33895917Et02
DEC _.33274803Et02
DEC *.326_4636Et02
DEC ÷.32005342E*02
DEC *.31356855E_02
OEC _.30699552E_02
DEC *.30033274E*02
DEC *.29357674E+02
DEC **28bT2q34E÷OZ
DEC ÷.219Tq4.TOE_02
DEC *.27276630E÷02
DEC _oZ65649BZE_02
DEC ÷.25844343E,02
DEC **25114728E*02
DEC *.24376440E*02
DEC ÷.23629292E÷02
DEC *.228736EZE,02
DEC ÷.22|Oq424E,02
DEC _.Z|336?IIE*O2
DEC _.20556042E*02
DEC ÷.1976YEO9E*02
DEC *.18qTO302E_02
OEC *.18165qS|E_02
DEC _.|7354004E*02
DEC _.16534735E_02
OEC _.|5708573E*02
DEC **148756?2E_OZ
DEC *.14036241E*02
DEC ÷.|3190590E_02
DEC _.|2339037E_02
DEC *.lE481qO?E*02

041
042
043
044
045
04b
047
048
049
O5O
051
O52
053
054
055
O56
05?
058
O59
060
061
.062
063
064
065
066
061
068
069
070
071
072
0T3
O74
075
076
077
07B
O79
080
081
082
083
O84
085
086
087
O88
08_)
O9O

092
.093
094
095



ATANT

DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
OEC
DEC
OEC
DEC
OEC
DEC
OEC
DEC
OEC
DE(;
OEC
OEC
OE¢
OEC
OEC
DEC
OEC
OEC
OEC
DEC;
DEC
DEC
OEC
OEC
OEC
DEC
DEC
DEC
DEC
DEC
DEC;
DEC
DE(;
OE¢
OEC
DEC
OEC
DEC
DEC
DEC
DEC
DEC;
DEC
DEC

+.I0619597E_OZ
_.97523929E_O|
_.SBBO6425E_O|
+.800_7207E_01
_.71250129E_01
+.62419129E_01
÷.53558246E_01
_.4467|SB7E_01
_.357633_3E_01
_.26837752E_01
÷.|7Bgq|OSEt01
÷.895[T3TIE_O0
_e
+.286_?889E+OZ
+.29099009E_OZ
+.29557||7EtOZ
+.30022196E_02
_.304942|9E_02
+.309T3|43E_02
+.31458915E_02
÷.3195146_E_02
÷.3245070bE_OZ
÷.32956538E_02
*.33668840E*OZ
÷.3398747_E+02
_.365|2280E_02
_.350¢3080E_02
_,35S?9670E_OZ
+.36|21827E_02
_,366_g298E_02
+.37221809E+02
_.37779058E_02
_.383_0713E_02
_°38qo6_lTE+02
+.39_75779E+02
+.60068380E+02
_.606Z3768E_O;
+._1201_58E_02
÷._178093_E+02
÷.623616_3E+02
+._zg_3002E+02
+,_352_389E_02

_._686597E_02
+._5262007E_0_
_.65836623E_02
_.66607654E_02
_._6976281E_)2
_._753565|E+02
_._809088ZEt02
_o_863qObSE_02
_._9|79276E*02

+,502319|5E_02
+.507_2380E_02

M-16-.64-1

096
097
098
099
100
101
102
103

lOS
tO6
107
108
109
110
111
112
113

115
116
lit
118
119
120
12i
122
123
12_
12S
126
121'
128
t29
130
131
132
133

135
136 +
13?
1311
139

l_q)
ISO •



(

°

INT

.48'

COS

SIN

OKINT

OEC ÷.5|240941E+02
DEC **StT26583E*02
DEC ,.52198289E*02
DEC _.52655038E.02
DEC ,.530958[6E*02
DEC ÷.535LgbI4E÷02
DEC *.53925438E*02
DEC +.543123L4E+02
DEC +054679289E,02
OEC ÷.55025441E+02
OEC ÷.55349884E+02
DEC *.55651769E*02
DEC *..55930293E*02
DEC ÷.56184TO3E*02
OEC ,056414305E*02
DEC ÷.56618458E+02
DEC ÷oSb796589E*02
DEC +.56948L?4E*02
DEC ÷.57072838E*02
DEC _o57170160E+02
DEC ,057239879E_02
DEC ÷.STZ8L793E+02
DEC ÷.57295779E*02
END

FAP
COUNT 250
•LBL TRIGt2
ENTRY SIN
ENTRY COS
UFA s0233000000132
TRA *_2
UFA s0233000000000

STQ l)
SXA BACKt2

SXA BACK_|,4
ANA sO777777777
XGA
CLM
DVP sO0
PAX Ot2
XCA
ANA ")
PAX 016
TOP *_$
CLA NEQ_3e4
PAX 016
CLA 1)
SSP
CAS ".5
TRA INC2
NOP

XCA

E.-33

._.--I 0--6_,- 1

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
lbb
16T
168
lb9
170
171
172
173
174

001
002
003
004
005
006
007
008
00q
010
011
012
013
014
015
OIb
017
018
019
020
021
022
023
024
025
026
027



TRA QII'
TRA Q4
TRA Q3
TRA Q2

QI FHP |Nit2
FAD SINT,2
TRA BACK

Q2 PXD Os2
PDC Or2
TXi .*'|,2o90
FNP |NTe2
CHS

FAD $|NTI2
TRA BACK

Q3 FNP INT,2
FAO SENT,2
CHS
TRA BACK

Q4 PXD 0,2
PDC 0,2
TX! e,|t2,90
FNP |NTt2
FSB SiN|t2

BACK AXT Bet2
AXT Bee4
TRA |,4

|NC2 FSB -1.
TX| OKINY,2,|

|1 OCT

NEQ OCT 1,t3,2
DEC *.IO000000E*OI
DEC *.99984769E*00
DEC *.99939082E*00
DEC *.99862953E_00
DEC +.99756404E*O0
DEC *.99619469E_00
OEC *.994S2|89E*00
DEC +,992S4614E,00
DEC _.99026806Et00
OEC *.98768833E)O0
DEC *,98480774E*00
DEC ,.qBI62T|BE,O0
DEC *097814759E_O0
DEC "e9743700SE_O0
DEC +,97029S7|E*00
DEC _.96S92S82E,00
DEC *.96|26|68E_00
DEC *.9563047SE_00
DEC *.qS|OS65|E_O0
DEC -.94SS|856E_00
DEC *..93969260E,00
DEC *.933S8042E*00
DEC _,927|8384E_00
DEC _,920S0483E,00
DEC _.9|354545E_00

H--1 E_..E,_-I

02B
029
03O
031
032
033
034
03S
036
037
038
039
040
041
042
043
044
045
046
047
04B
049
OSO
OSl
052
053

• 0S4
OSS
056
057
OSe
059
060
06|
062
0611
064
065
066
061r

068
069
OTO
071
072
073
OT4
O?S
076
077 •

O?ll
079
OBO

OB|
082



I

DE_'÷.90630177E*O0
DEC t. Sq819404E*O0
DEC _.89LOObSLE*O0
DEC _.S8294TSTE_O0
DEC _.87461969E_O0
DEC _.86602538E_00
DEC _.85TLbT28E_O0
DEC ÷.84804808E,00
DEC ,.838bTOSSEtO0

DEC _.82903756E÷O0
DEC _°81915203E_00
DEC *.80901698E_00
DEC ÷.79863549E_O0
DEC ÷.78801014E*00
DEC ÷.77714595E_00
DEC ÷*7bbO4443E_O0
DEC ÷.75470957E÷00
DEC ÷.74314481E-00
DEC _.73135369E,00
DEC _°71933978E÷00 .
DEC ÷.70TIObTbE_O0
DEC *°b946583SEtO0
DEC ,.bS|99834E÷O0
DEC ÷°66913059E_00
DEC ÷.65605901E_00
DEC *°b4278159E_O0
DEC _.62932037E÷00
DEC ÷.blSbb|4bE,O0

DEC ÷.60181501Et00
DEC _.53778523E÷00
DEC ,.57357642E_00
DEC *°55919289E_00

DEC ÷.54463902E_00
DEC ÷.52991925Et00
DEC ,.SLSO3806E*O0
DEC ÷.49999999E+00
DEC *.48480961E*00
DEC _.46947LSSEtO0
DEC _.45399048E_00
DEC _.43837113E÷00
DEC ÷°42261824E_00
DEC ÷°40b?3663E_O0
DEC ÷.39073112E_00
DEC *°37¢60658E_00
DEC ÷°35836794E÷00
DEC *.34202013E_00
DEC ÷°32556814E_00
DEC _.30901698E÷O0.
DEC ÷.29237169Et00
DEC _.27563735E÷00"
DEC ÷.2_881904E,00
DEC *.24192189E_00
DEC ,.22495|05E÷00
DEC **20791168E*00
DEC *.19080899E_00

083
-084
085
086
08T
088
089
090
091
O92
093
094
095
09b
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
|16
117
lie
119
.120
121
122
123

129
126
127
128
129
130
131
132
133
134
135

137



SINT

DEC _°17364817E_00
DEC _°X5643446E_O0
DEC ÷.13917309E÷00
DEC ,.12186934E,O0
DEC ,.10452846E*00 "
DEC +.87155740E-01
DEC _.69756472E-01
DEC ,.52335955E-01
DEC **34899496E-O|
DEC +.17_52406E-01
DEC ,.

• OE¢ _.Tb|S4355E-4
DEC _.30460282E-03
DEC _.60911182E-03
DEC ÷.91343528E-05
DEC +.12174810E-02
DEC *.15211553E-02
DEC ÷.18243663E-02 _
OEC _o2L2?O22ZE-O2
OEC **242qozq5E-02
OE¢ **27302qTOE-02
OEC _.30307333E-02
DEC _.33302459E-02
OEC ,.3628744iE-O2
DEC _.39261374E-02
OEC *.42223343E-O2
DEC *.45172449E-02
DEC _.48LO779TE-02
OEC *.51028495E-OZ
DEC +,53933645E-02
OEC +.56822366E-02
DEC _.59693783E-OZ
OEC *.62547012E-O2
DEC +.65381188E-OZ
DEC _.68195453E-02
DEC ÷.70988941E-02
DEC ÷.73760805E-02
OEC _.76510200E-02
DEC **79236295E-02
DEC *.81938248E-02
DEC _.84_15242E-02
DEC _.87266468E-02
DEC _.89891105E-OZ
DEC *.92488361E-02
DEC _.g5057449E-OZ
DEC +.97597575E-02
DEC ,.IO010?q8E-OI
DEC *.L0258788£-01
DEC ÷.10503654E-01
DEC *.10745320E-01
DEC ,.10983Tt2E-O|
DEC .011218760E001
DEC *.11450390E-01
DEC ..11678532i-01
DEC *.11903117E-01

r,-36

i .

138
139
140
141
142
143
144
145
146
147
148
149
150 •
151
152
IS3
154
155
i.56
157
158
159
160
161
162
163
1.64
16S
166
167
168
169
170
171
l?Z
1?$
174
ITS
176
I1T
178
1L?9
180
181
182
183
1|4
ISS
ILe6
187
188
109
1L90
191
19Z
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INT

DEC ,.X2124076E-O|
DEC ,.1234[342E-0|
DEC ,.12554848E-01
DEC ÷.12766530E-01
DEC _.12qTo324E-01
DEC ÷.13112|67E-01
DEC ÷o13369998E-01
DEC +.13563755E-01
DEC *.[3753382E-01
DEC *.13938819E-01
DEC +.|4|20010E-0|
DEC *.16296900E-01
DEC ÷.16669635E-01
OEC ÷o14637563E-01
DEC *.14801231E-Ol
DEC +.14960391E-01
DEC ÷.[51|4995E-01
DEC ,.15266993E-01
DEC ÷.15410342E-01
DEC ÷o15550997E-0|
DEC ÷.15686q|SE-O|
DEC +.15818056E-01
DEC.,.IS946375E-Oi
DEC ÷.16065860E-01
OEC **lb|B2¢[IE-O|
DEC ,o16294052E-01
OEC ÷.16400729E-O|
DEC ÷.|E502412E-O|
DEC ,.|6599068E-01
DEC.,.|b690666E-O|
OEC _.16T.TT[BIE-O|
DEC t. lbSS8585E-O|
DEC ,.16934855E-01
OEC ÷.17005965E-O[
OEC ÷.170TIB96E-O|
OEC _.17112626E-01
DEC _o|?|Be[37E-O|
DEC ÷.17238413E-01
DEC ,.17283438E-01
DEC ,..17323198E-01
DEC ÷.173576B|E-01
DEC ,.17386877E-01
DEC ÷.17410776E-01
DEC ÷.17429373E-01
DEC ,.17442660E-OI
DEC ,o17650636E,01
DEC ,o17453292E-01
END

FAP
COUNT 300
LBL AFUNt2
ENTRY ACOS

,T,-37

193
194
195
196
19T
19B
199
200
201
202
203
204
205
206
201
208
209
210
211
212
213
214
215
216
2IT
218
219
220
221
222
223
224
225
226
22?
228
229
23O

"231
232
233
234
235
236
237
238
239
240

001
002
003



Ib

f
i

ACOS.

ASIN

LQO

BACK

|NT4

EVEN

ENTRY
SXA
TSX
AXT

FSB
CHS
TRA .

LAS
TRA
TRA
LAS
TAR
TRA
"TRA
XCA
STQ
FMP
CHS
FAD
SXA
CALL
TSX
AXT
FS6
SSP
LDQ
TQP
$Sll
TRA
UFA
STQ
$XA
PAX
XCA
SSP
CAS
TRA
NOP
XCA
FNP
FAD
LDQ
TOP
$SN
AXT
TRA
FS6
TXl
CLN
ORA
TR&
OCT
DEC
DEC
DEC

ASIN
0_2o4
ASINp4
ee,.4
=90.

I,4
s|.

EVEN
EVEN
-* 7071.07
o'3
LQD
LQD

11*|
1)+1

-|°

e*3p4
SOAr
LQD,_
OOB4

=gOo

1,4
-0Z24000000000
11
6ACK,4
Oe4

-0171400000000
INT4

INTo4b
ASIN[,4

ll
_1'2 "

ee,4
1,4
-0172400000000
!111'131_,4, |

"90.
IL,4

** 4S31 IL244E_OZ
"*.44_76263E_0|
*.4a_052124E*OZ

Z-38

1,_,16.,(:_..1

OOd
00'
OOd
001
001
001
Ol(
011
Ol;
Oil
014
01!
Old
011
Ol|
01t
02C
OZ!
O22
023
02_
025
O24
027
O28
02g
O3O
031
032
033
O34
035
036
03T
036
03g
04O
041
042
043
044
04S
046
0¢7
046
049
OSO
0$|
OSZ
OS3

OSS
OS&
OSlr
058



].

DEC ÷°43432536Et02
OEC _o_28Lq228E_02
DEC ÷°422119_3E_02
DEC _._1610_2Et02
OEC _.41016499E_02
DEC ÷o40623899E+02
OEC +.39838439E_02
DEC _o39257930E÷02
DEC ÷.38682188E_02
DEC _.381|!040E_02
DEC _,375_4325E_02
DEC _o36981885E_02
DEC _o36423573E_02
DEC _358692_8E_02

DEC ÷.35318772E_02.
DEC _.34tT2020E_02
DEC _.34228866E_02
DEC eo3368q193E_02
DEC _°33152887E_02
DEC ÷.326198_2E_02
DEC ÷.3208qeSOE_02
DEC ÷.315631|5E_02
DEC _.310392_OE_02
DEC _.305|8230E_02
OEC-÷.30000000E_02
DEC ÷o2948_462E_02
DEC _.289TI532E_02
DEC ÷.284bI|33E_02
DEC _.27953186E_02
DEC ÷oZ7_676ZOE_02
DEC ÷.26944357E_02
OEC _.26443334Et02
DEC ÷.25944_79E_02
DEC _.25_7?29E_02
OEC ÷.249530ZIE_02
DEC ÷.2_46029|E÷02
DEC _.Z3969482E,02
DEC ÷.2348053_E+02
DEC ÷.22993395E_02
DEC ÷.22508005E*02
DEC ÷.220243_4E_02
DEC _.215_2266E_02
DEC ÷.2106|818E*02
DEC ÷o20582ql_E+02

• DEC _.201055_0E*02
DEC +.19629556E_02
DEC +.19|55009E_02
DEC t,1868LBZSE*O2
DEC _.18209qS7E_02
DEC +.IT739363E_02
DEC ÷.|_270006E+02
DEC _.16801837E+02
DEC ÷o163_4822E_0_

DEC ÷.|SBb89ZOE_02
DEC _.15404093E_02

E.,._9

059
060
061

• 062
063
06¢
06._
066
06?
068
069
OtO
071
072
0_3
074
075
0?6
O?t
07e
079
O80

081
082
083
08_
085
086
08t
088
089
OqO

• 091
092
093
094
095
096
09t
098
099
100
101
102
103
10_
105
106
101
.108
109
110
11|
112 .
I13



ASINT

DEC *o14q40303E+Ol
OEC +.14471512E+0|
DEC +014015684E+02
DEC ,013554783E,02
OEC ,013094TF4E,02
DEC _o12635624E,02
DEC +012177297E*02
DEC +,11719760E_02
OEC _oL|Z62979E_02
DEC +.IOBO6923E_02
DEC *o10351S58E*02
DEC _.98968S3_E*0|
DEC **94427775E*OI
DEC *.8qeq2qq3E_O|
DEC +.85363882E*0|
DEC *.80840139E*01
DEC ÷.7632|462E*01
DEC _o71807559E*01
DEC *.6729Bt29E÷O|
DEC +.62792883E*01
DEC _.5829|S33E*01
DEC *o53793790E*0|
DEC _.49299369E_01
DEC ,.44807qlTE*O|
DEC t.403|9363EtOl
DEC +.35833217E*01
OEC *.3134q269E*Ol
DEC _.26867242E_01
DEC *,22386860E*01
OEC _.179078_6E*01
OEC _.13429928E_01
DEC *.8qS2829qE*O0
OEC _.44762784E*O0
OEC *.
DEC _.|I473886E_02
DEC *.80S78912E*02
DEC _.7qT22024E_02
DEC ,.7890|199E,02
DEC _.?8113979E_02
DEC *.77358560E_02
DEC _.76632866E_02
DEC *.75935531E÷02
DEC _.75264697E_.0_
DEC +,74,6|9107E*0_
DEC *.73_FiIT|TIE*O_
DEC _.73398252E*0_
OEC *.72820637E_0_
DEC *.72263403E*OZ
DEC +.71725894E*OZ
DEC *,TI206SeLE*O_
DEC *.TO?OSl3SE_O_
DEC *,70220574E*0_
DEC ÷,69752133E*02
DEC _.6929904SE_02
DEC *.68860821E*02

_.-16-6/_1

114
llS
116
|I;
III

II0
121

123

12S

127

130
13l
131
133
134
13S
136
13T
1311

140

143
144
14S

14?

1S0
|Sl

IS3
154
15S
IS6
IS7
lSl

160
161
161

164
165
166
16_
161



DEC _.68436802E*02
DEC ÷obBO26336E*02
DEC _°bTb28873E*02
DEC _°6?244033E*02
DEC *°66BTL|60E_02
OEC ÷o66509924E_02
OEC ÷o66|60000E_02
DEC ÷.65B2056?E*02
DEC *.6549|735E_02
DEC ÷,65172819E_02
DEC _o64863849E÷02
DEC *o64S63948E_02
DEC'_.64213173E_02
DEC +.6399095|E*02
DEC ÷o6371777|E÷02
DEC _.63452686E_02
DEC t.63194879E*02
DEC _.62965549E*02
DEC _o62703406E_02
DEC *.62468884E_02
DEC *.62241E38E_02
DEC *o6ZO20359E_02
DEC _o61BO6356E_02
DEC _o61599018Et02
DEC t.6|39750_E_02
DEC _obI203250E_02
DEC e.blO|4053E*02
DEC *.6083|ZZ3E*O2
OEC _.60654266E÷02
DEC _.60482692E*02
DEC _.603|674SE_O2
DEC _.60156182E_02
OEC ÷.60001136Et02
DEC +o5985tO36E_O2

• OEC _o59TO60_2E_O2-
DEC _.59565889E_02
DEC *.59430979E*02

DEC _.59300T|4E_02
OEC *._9175025E*02
OEC _.59054049E_02
DEC _.5893749BE_02
DEC _.SB825674E_02

• DEC _.587|1976Et02
DEC *o_B614813E_02
DEC _.SBSI5898E_02
DEC _.5842||77E*02
DEC _.5833043|E*02
DEC _.5824383BEt02
DEC _,58161439E_02
DEC *..S808298?E*02

DEC ÷o580084|SE÷02
DEC _.5193780SE_0_
OE¢ *.STeToq92E*02
DEC *o5780805BE*02
DEC *°5T?4BSbBE*O_

_.-41

t4,,-16,-64.-1

lb9
170
lTl
172
L73
114
L75
L76
177

179
180
181
182
183
184_
185

186
18_r
188
189
190
|91
192
193
194
195
|96
19T

199
20O
201
2O2
203
204
205
206
20T
2011
209
210
211
212
213
214
215
216

217.
218
219
22O
22_
22='
225



INT

DEC,.57693455E_02
DEC,.5764|743E_02
OEC_.57593733E*02
DEC +.5754939_E_02
OEC *.575086B4E_O2
DEC ÷.5747|589E_OZ
OEC ÷.5743808LE_02
DEC ,.57408|6SE,02
DEC ,.5736tSO3E_OZ
DEC +.57358974E_O2
DEC *.S7339668E_02
DEC ÷.57323922E_01
DEC ,.5731|66qE_02
DEC ÷.57302q22E_O2
DEC ,.572976?5E_02
DEC *.57295925E_02
END

224
225
226
227
228
229
230
231L
232
233
234
23S
236
237
236
239
240

t
,I
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APPENDIX F

N_D CALCULATION TECHNIQUES

F.1 C_NERAL ASSUMPTIONS

o

Graphical and analytical methods have been employed to compute absorbed

planetary and albedo heat fluxes for a two-surface radiator sun-oriented

configuration in noon Mars and Venue orbits. Numerical .examples are pre-

sentsd for a few extreme and intermediate orbit positions s_d altitudes in

order to facilitate a grasp, of the order of magnitude of the heat fluxes

to be expected. The hand-calculated numbers are also intended to serve

as a check on the computer calculated results.

All symbols used in this appendix, Tables Y-1 through F-_, and Figures F-X

through F-II are defined in Appendix F.8.

In order to account for reflections of thermal radiation, it was necessary

to impose the following assumptions and idealizations:

a. The thermal radiation between the planetary radiator surfaces

is in diffuse form, i.e., l_nbert's Cosine Law is valid (Refs.

and 3). For calculation of radiant heat fluxes, the planet, sun,

radiator surfaces, and space are treated as a radiation network

F-1
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b. The solar absorptivity and infrared emissivities of the radia-

/
tot surfaces are assumed to be independent of temperature.

c. For.planetary heat flux calculations, the planet, sun, and space

are treated as black bodies.

d. The planet surface temperature is assumed to have a cosine varia-

tion as shown in Fig. F-I.

Although it is realized that for _ values approached 0.20 or less, specu-

lar thermal radiation should be accounted for, assumption a. will still be

used for the heat flux calculation main_ because of the lack of accurate

analytical models and experimental data. The above assumptions will give

a first approximation c_ heat flux magnitudes which include reflections

between adjacent surfaces.

F.2 RADIATOR SURFACE CONFI_rRATION FOR HAND CALCULATIONS

I•

Computation of absorbed solar, albed% and planetary heat fluxes on orbi-

ting radiator surfaces usually requires the aid of digital computer numeri-

cal solutions. The main difficulty arises from the fact that for most

cases, the configuration factor equations are not easil_ integrable in

closed from. It was, therefore, decided to use the simplest possible

radiator surface configuration as the basis for the hand calculations and

tO investigate only extreme and intermediate values of h and _ A noon

F-2
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DAR_ PORTION

Tz" TD.S.* (Ts.s.- TI).s.)oo,_, -_A _..9oo
SUBSCRIPT: Z - Zone nmuber

TS.S. - Planet surface temperature @ sub-solar point

TD.S. - Planet surface temperature of dark-side port$_

_q)_" Direction of outward normal from planet surface

HZ - Height of spherical zone formed by angle 2 _

Apz - Surface area of spherical zone - 2 _ Rp (HZ - Hz + I)

Planet Node Breakdown and Tem_rature
Assumption for Mars Noon Orbit

LOCKHEED
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orbit and sun-oriented two-equal-ourface-area radiator system was selected.

The pertinent cases, geometr_, and dimensions are listed in Table F-I.

Surface I refers to the pr_ary radiator surface and surface 2 to the adja-

cent secondary radiator surface. For the radiator configuration in Table

F-I, there is no direct solar heat•flux term.

F.3 CALCULATION OF GEOMETRIC CONFIGURATION FACTORS

L

The analysis of the radiant energy exchange between a pair o£ diffuse radia-

ting surfaces requires evaluation of the geometric configuration factor

between the surfaces. Although values have been tabulated in the lltera-

ture for a multitude of configurations, the present problem is compounded

further by the fact that the view of the planet surface from c_e radiator

surface may be obstructed by an adjacent radiator surface. For this reason,

it was decided to employ a graphical technique co, only denoted (Refs. l, 2,

and 3) as the "unit sphere" or "double area projection method" for the calo

culation of F(i)(j) values. This type of graphical constructic_ is demon-

strated in Fig. F-2j the deriviatiou of the equation I is presented in

Ref. 2 (Appendix F.7). I% is convenient for discussion purposes to group

the Y(1)(j) calculation methods into the following casesl

Case Iz

Case 2z

Case 3,

Radiator surface to radiator surface with no shading.

Radiator surface %o planet surface with shading

Planet surface to sun.

LOCKHEED MISSILES & SPACE COMPANY
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i _

:

adAi

I
I I

I I
I I
I

AF = Finite area (any irregular shape) in question

dAi - Surface element

ndA i - Unit normal of surface elment

Rs = Radius of ficticious sphere

/
Ay = Area subtended on surface of sphere Es by solid angle OO y

o-_F - sold _gl, s_te_ed at dXi _'.A_,
I!

A F = Noraa, projection of AIF onto base dA£

Fi_. F-2 Determination of Geometric Configuration
Factor by Double Projection Method

LOCKHEED MISSILES & SPACE COMPANY
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a, CaseI____, Evaluation of the quantity F(1)(2) is determined from

Fig. 24 of Ref. 2. For the dimensions and radiator surface con-

fi_uration selected for the hand-calculation analysisp this Value

iS computed to be F(1)(2) - F(2)(1) . 0°20,

b. Case 2. To account for the variation of shading effects for each

point of the primary and radiator surfaces, each surface was broken

down into 16 equal elemental areas, with A1 = A2 - 1 Ft. 2, a ° b =

c = 1 Ft. and dAi = 166 Ft. 2 for i = i- 16. If a reference sphere

of radius Rs is then constructed about dAi2 and AI, surface 1 acts

as an obstruction to the view of dAi2 to the planet surface. The

amount of obstruction or shading effect from surface 1 is dependant

on the orbit positio% altitude, and orientation of the radiator

surfaces° However, a general shading curvej which is independent

of h and _, can be determined for each elemental area as illus-

trated by the double projection method of Fig. F-3. For equal di-

mensions, the ssRe shading curves are obtained if one considers an

elemental dAil shaded by A2.

The procedure for computation of the geometric configuration fac-

tors is described by the steps listed below:

For each dAi, calculate enough points (dji , _ Ji) frca the

equations of Fig. F-3 in order to determine the shape of the

general shading curve. Plot these points %o a suitable scale.

LOCKHEED MISSILES & SPACE COMPANY
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/

/

_...__..___._d_ --_----_

EQUATIONS FOR LOCATIN3 DOUBLE-PRIMED POINTS!

NOTATIONS,

Subscript £ = element number

Subscript J = point on shading surface ._.
Subscript J'= projected point J onto unit sphere eurface

SubacriB_ J"= projection of point _ onto base plane of elemental area. dAi
n_ = outward unit normal of

P_ - Radius of unit sphere - 1 unit

% b, Xp T- g,_aetric diae_aicm as defined •

Fig.. F-3 Determination of Points for Shading Areas Between

Radiator Element and Adjacent Radiator Surface

F4
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Determine the shape of the area of the planet surface onto the

base of the sphere Rs for the case of no shading for each orbit

position and altitude studied using the same scale of Step I..

Superimpose, with proper regard to orientation of radiator sur-

faces with respect to the planet, on the curves obtained from

•Step 2 the curves of Step I.

Measure the unshaded areas from Step 3. The differential con-

figuration factor is then computed by dividing these unshaded

area values  P12.

The finite-flnite configuration factors F(1)(p) andF(2)(p)

are then computed from the following area-averaged configura-

tion factor equations

16

F(m)(p) - 1/(Am) _' AdAim F(dAim)(p) ' a ,, 1, 2
i,,1

Figures F-3 through F-II illustrate steps I, 2, and 3 in

detail. For the actual plotting of points, a scale of I ca -

I000 KM was usedo

Circular areas and segments of circles represent the projected

areas of the visible planet surfaces onto the base plane of the

element dAin for the case of no shading and for 8- OO and

90 °. Two conditions prevail for _- 45 ° (Refer to Fig. Y-_)|

F-8
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SURFACE 2 :

•_" M-t6-6b-1

" NO SHADING FROM 1

, . 1 ................. --'t-- SHADING FROM 1

':rot ,b_L,¢ . " I , / _ -\

F(_ )(p). _ 2_.,,

: . • ! . -F
....SURFACE 1 (No shading from 2 @0- 0°);. •

, - ' AII . 2

t _ _ " : ,,,- Rp/(ep.h)

l dAll _ normal ndAll into the

plane of paper

Determination of Configuration Factor F(_. )(p_uAi )
for e - o°j Venus Orbit

F-9
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SURFACE 2z

\

\

\
/

.Ai2

,%oF
/ ELLIPSE

2

SHADED AREA DUE TO

SURFACE 1 - A"i2

ForS3> _r' s2"°"
II

Ai2 - Aabcea, A i2- A_cea

II

S1 - Semi-major axis of ellipse

S2 - Height of circular segment of half-angle C

S3 - Distance from plane of dAi2 to planet center.

F(cULlz)(p)" Ai2," AU
w(z)2

. ," . .

Fig.
F-5 Determination of Confizuration Factor F(dAi)(p)

for e - 4_, Venus Noon Orbit

F-IO "
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SURFACE ls

!:

w_

7

_°

_o

_°

f.

T

!.

Base pl_ne of dAil.

Normal ndAil is into

plane of paper.

All (unshaded area)

li

F(,:L_].)(p)" A:LZ-Xil... •
0.)2

B- s_ "z (Rr/(RF .,.,',))

A il AcdefabcFor _.(_o, =

All - A_ocdeJ: h

Fo_E)- _o. _1" Ab.t,_

H

Ail- Shaded area due to surface Z for _- 0 °, or 45 ° calculation

AiJdefabc i - Total shaded area as detemined from Fi&m_re F.3

Fig. F-6 Determination of Configuration Factor F(dAi)(F)
for e " 90% 45% O°,Venus Noon Orbit

F-I.I
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SURFACE 2_

LPLANET.SUN

LINE

Ali2z .= Shaded area due to Surface I

I! _\ //
A Z=4 " Shown onlj, for Zone #4

2z

¢'z

i

- Direction of outward normal of spherical zone
from planet-eun line

- Angle measured from planet-sun line as defined

II

Z measured

rz - Radius of projected zone onto surface of Rs

Rp - Planet radius

h- Altitude

Subscript Z - refers to zone number

F(dAIz)(Z).(_r_z- ",_z}/

Fig. F-7 Planet Node Breakdown for F(dAi)(Z) Calculati3n,

h - 3000 KM, 8 - 0°. Mars No_n Orbit

F-12

LOCKHEED MISSILES & SPACE COMPANY
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SURFACE I: (No shadin_ from S_rface 2)

,, I

M-16-_-I

1 u_iT-- I000 Kk4

!.

il

F(dAil)(Z ) " AIIZ/Tr

AilZ" _ E C2¢_,l.i --" ""

0
11.6

23.2
34,8

46.4
58.0

3 12.9
4 22.6

28.5
6 31.4
7 32.0

0.0450
0.1372

0.2180

0.297
0.360

2.18

3.81

4.72

5.18
5.29

540
531
516
496

h?o

i3

Fig. F-7 (Continued)

_. Y-_.
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(a) Determination Of Projected Points _e!

Zz

J /

EQUATIONSs

Fig.

÷y2.R2x,12 ,I " z

'_ _- Zz/(Rz -.x,1 .,.rz)

,_. Zz/,i_'_.j_

.- (1) cos_

F-8 Double Projection Method for Determination of

F(dAil)(Z) for e - 9o°, Mars Noon Orbit
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(b) CALCULATION OF F(dAil)(Z )

[-

i

i

-- I

plane of paper) / _ : | "'""-

- / \ 1

t

AI!k_t2---- fchief " Projected area of zone Z for which 6 o
The curves fc and ih are locus of projected points
for the zones formed by _= and >L_+I respectively,

iI
A abcdefga " General shading curve due to surface 2.

(_=-AIIodaf¢ - Shaded portion due to surface 2 onto zone Z.

A[Igchkiefg - Projected area of entire visible portion of
planet surface.,

Fig, F-S (Contlnimd)
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SURFACE 2s

Zl

• EQUATIONS,

dI= (%,)'.),,_,_)

_ = x_l,,_.

_._. Zzl_4

H- (i)oo,8 1.I

For examples of shading curves, consult Figures F_O-_.| t" .

Fig. F-9 Double Projection Method for Determination of

F(dAi2)(Z ) for 6 - 450, Mars Noon Orbit

F-16
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SCALE: lcm ,, 1000 km

M-16--_-I

\
\

\

/ \
b

\

\

l 2 9 hi •

I 1 "

g ZONY _:_: Curve abcdefa
zo__4: Curve_dh_

_ " NOTEs No shading for element number

i = 3,4,6-8, and IO-16. ZOl_5: Curve ghiJg
ZONE _6, Curve JkIAJ

Fig. F-II Shading Curves for •Case 12, Surface 1

F-19 •
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(a) S3< Rp! projected area - ½ (ellipse area) + segment

of ellipse + segment of circle = Aabcd a.

(b) _ _ Rp- (entire planet surface visible)- projected

area- area of ellipse.

The projections of the planet surfaces (step 2) are the same

for all elements since the plenetarj and altitude dimensions

are much greater than the radiator dimensions.

The calculated configuration factors for the cases studied

are tabulated in Table F-2.

c. Case3. Geometric configuration factors from the planet surface

under consideration to the sun are required for the albedo heat

flux computation. The Fps values were calculated by the "unit

sphere w method, and the numerical results are listed in Table F-3.

CO_ENTS ON FIGURES ILIAPSTRATING DOUBLE PROJECTION METHODS

[

l

As mentioned previously, computation of the geometric configuration factor

to account for shading is best accomplished for our particular case by the

method of "double projection." However, it turns out that even this method

is quite time-consuming, and involves laborious numerical calculations,

graphical construction, and planimeter measurements. The step-by-atep

F-20
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process involved here is illustrated in Figs. F-3 through F-f1 for the
/

different _and h altitude cases investigated.

--2

The dark arrow shown in each fio_ure represents the unit normal of the ele-

merit dAil or dAi2 , and is assumed to be located at the center of the ele-

ment. For reference purposes only, the arrow labeled as N, e.g. Figs. F-I_

F-h, F-7 represent the north pole of the planet, and lies in the orbit plane

-%

formed by the N and planet-sun vector.

Equations for configuration factor calculation from the element to a zone .of

mars are also presented in Fipo F-7 through F-11. For Figs. F-4 through

F-7, the projected planet areas onto the base plane of the reference sphere

Rs was accomplished with a scaAe of Iom = lO00 KM.

]

!

]

]

[

]i•

For the Mars zone breakdown at _- 45 ° and 90 o, the points jr! were located

by computing H end _iJ values for several Xj values. Distances, such as

RZ and ZZ were measured from graphical construction for a given _Z value_

thus, resulting in a combination graphical and .trigonometric calculation

technique for locating the points jse. Since the loci of the points J Se

are bounded by the projection curves, of the entire visible planet surfaces,

the H, _iJ values are then superimposed onto the visible area curve. The

projected area of each zone is then the area bounded by _ Z' _ Z +l and the

visible area curves.

F-21
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F._ CALCULATION OF RADIANT HEAT FLUXES

PolJak's net radiation method for an enclosure of diffuse radiating sur-

faces was used to calculate the radiant interchange factors Kp, KST dis-

cussed in Ref. 3 (Appendix F.7). These "K" factors physically account for

absorptions and reflections between adjacent radiator surfaces and planet

surfaces. The net radiation equations, as presented in Ref. 1 (Appendix

F.7) have been programmed in matrix form suitable for digital ccsputar

solution.

Since PolJak's equations require solution of n simultaneous algebraic equa-

tions in n unknowns, the existing IRSC program, entitled RADK_ was used for

the actual numerical calculations of the K factors. The input to the RADK

program consisted of the following steps8

a. Input all required configuration factors _d surface areas.

b. To obtain Kp values, input infrared emissivities of radiator

.surfaces and set emissivity of planet, sun, and space = I.

c. To obtain KST values, input solar absorptivitles of radiator

surfaces and set the emissivities of the sun-lit portions of

the planet surface equal to 1 -/p. For those portions of

the planet which lie in the sun's shadep set the emissivity

J lo The radiant heat fluxes are then computed frca the

¥-22
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B

following equations,

- _ %_0-T_;.- l,2 .... (*)

%st" Km_0_Ts h (_ C_rect _lar = o)) •.. (B)

For all _and h values, the entire visible portion of the planet Venus as

seen from a radiator element was taken as one constant-temperature node at

235°K. Table F-4 presents a compilation of the planetary and temperature

data used in equations A and B. A list of the planet node breakdown for the

Mars hand calculation studies is given in Table F-S,

--.

I

_°

!2

[

To account for variations of temperature over the surface of Mars, the

planet was divided into various constant temperature nodes or spherical

zones• For those cases in Which the subtended angle 2_ Z, was greater than

15°# the zone breakdown is shown in Fig. F-8 and F-9. An average tempera-

ture was asst_ed for the hand calculations. This average •value was compu-

ted from the equation of Fig. F-I at a _ value of (IZ *lZ ÷ I)/2-

Further idealizations were introduced into the Mars hsnd calculatiom study.

For example, the. temperatures calculated at the _= 0 ° and 45 ° points were

assumed in equation. A for an altitude of 90,000 KM. Because the subtended

angle _a for h = 100 KM was less than 1_o, the entire visible portion of

the planet was also taken as one zone for the planetary heat Flux calcu-

laticms.

LOCKHEED MISSILES & SPACE COMPANY
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No zone breakdown is required for the planet Venus since the data of Table

F-4 indicates a uniform temperature over the entire planet surface.

Appendix F.6 contains a sample numerical calculation for Case 12 and demon-

strates the application of the methods discussed in the preceeding sections.

F-24
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F.6 HEAT FLUX RAND-CALCULATION FOR CASE 12

Elemen% Breakdown

q

.°

.°

I_ 3.,

11̧

F-aS

LOCKHEED MISSILES & SPACE COMPANY



M-16-64-I

In

C_

<

D

<
5)
I

<
=

N

•-_ M =O

[...

Z =

< o

_ 3

_ 3

N _

< m

_ m

< u

<

V

©

<

©

_5

.<

t_ _

o o

II II II li II

Z

_ z
P O

.[. _[-

Z ©

om
o_
zo

o
0,] ,,-._ @_

,-4

c/}
o_

°,._

_u

0

,,"=4
0

_ II

_ ao

• _

°_,,i °

•0 0

[-..
0
Z

:=

}'-26

LOCKHEED MISSILES & SPACE COMPANY



!

=.

2;.

1--4

[-.

o_ _ _

"0 ;4

w.4

A

O4

M-16-64-I

c_

_,_ .

_ _ _ _ ._

__ _ _.__ _ _ j _ _ _ _io

__ __._

o

0
,'1=1

_-27

LOCKHEED MISSILES & SPACE COMPANY



M-16-6_-I

(P

t-4
o

0

0 0 _
Z

1111",,.,,,, l'lli

o

o

Z

8

• IIIIII

00

II II

Z
0-

0

0
0

0

I "

0

0

[..,
.<

r_
r,_

F-28

LOCKHEED MISSILES & SPACE COMPANY



f-

!

i

I

/

H-16-64-I

Planet Zone Breakdown

/

/
/

N

- si k .* h)) -

z#h: 3_°°<_ • h5°

I °.

z#6:. 53°<_ <59°

z#3 Z#4 Z//6

Planet Configurati_u Factor Calculation

The calculated numerical data for zones' 3-6 are tabulated in Table F-2.

Figs. F-IO and F-ll illustrate the scaled drawings obtained for Case 12 by

the double projection method. Only one-half of the unshaded curves are

shown. For example, the loci of the projected points j_i for surface 2 are

represented by the following curves,

½ (Zone#3) =Curveaobcp•

½ (Zone #4) = Curve • ob a n•

½ (Zone #_) = Curve ab . . . . g • i J .

LOCKHEED

F-,29
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½ (Zone #6) - Curve g h t i s g

/

The general shading curves of Fig. F-3 are then superimposed on the non-

shaded curve area bounded by the line a.... h,..a for each element. Shading

curves due to element 1-16 are labeled as l, 2, 3, etc., respectively. The

configuration factors are then computed by measuring appropriate areas for

The configuration factors are.campu-each i. For example, consider i = 1.

ted from the following equationes

(10)2 F(dAI2)(3 ) - 2 A" mobc_m A"• - mn_

(Io)z 2 A" A"mobcpm " mopm

_(I0) 2 F(dAI2)(5) - 2 A# ab....gsiJ...na - A#

_ Au
5_ (10)2 F(dAI2)(6 ) - 2 A# ghtisg isti

mnopqrsi°°.°m

Note that _ - 1 unit = lO cm = lO000 KM = distance or

length olaf.

F-30
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The following table shows the F(dAim)(Z ) resultsz

. °

/

--b

RADIATOR SURFACE 1 RADIATOR SURFACE 2

z=3 z-4 z=5 z.6z-3 z=4 z=_;

0.0061
0.0318
0.0/_7
0.0417
0.0111
0.0417
o.o417
0o0417
O.0274
o.o_7

I0.0181 0.0178
!o.o2o1
0.0201
0.0201

0.0188
0.0201

A

0.0417 0.0201 0.0178

i 0.0347 o.413

o.o414 o.521
0.0478 0.6oO
0.0525 0.666
0.0325 0.397

0.0_9 0._5 0.01080.0512 0.601 o.oz2z '
0.0535- 0.669 0.0121Q
0.0411 0.432 10.00795

o.o513 0.540 o.0o987

0.0108
0.0121
0.0121
0.0121
0.00826

0.0541 0.620 0.0121
o.05hl 0.68l 0.O12l
0.0516 0.485 o.oo733
o.o541 o.59_ o.olo5
0.0541 0.650 0.0121
0.0541 0.686 0.0121

0.5768 0.3183 0.2848 0 0.7730 9.060 0.17]_.

The above tabular s_s divided by 16 are the co_iguration factors F(I)(Z)

and F(2)(Z) of Table F-2.

For the Mars zone brsakdownp the configuration factor values FZS as deter-

mined by the double projection method are listed in Table F-3 for Case 12,

LOCKHEED MISSILES & SPACE COMPANY
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Having computed all required configuration factors, the procedure, as dis-

cussed in Appendix F.5, is followed in order to calculate the required "K s

values. The "K" and heat flux results are s%mmarized in the following

table for Case 121

Z# O_KIZ *

3 / o,_62x _o-l_

6

I, o.525 x_O-_

5 o.u8 x. I_1:3

0.994 x 10-13

_r K2Z*

o.k65x 10-15

0.209 x 10-13

0.243 x 10-12

0.783 x 10-14

_KIS_

O.319 x 10-19

zl
3

5

Totals

%
OK oR

282 506

275 495

266 479

257 462

3._8

2.21

23.2
,=

0.1LI

_._

1.28

1.56 13.9 •

*u.it,ofBt_/(se_-_'°a_)

*_,_,ts of stu/(_ti-m-)

F-_
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F.e DEFINITION OF SYMBOLS

EN_ISHs
i :i --

A - Surfa¢o Area

A" Projected surface area of visible planet surface auto base

of Rs sphere containing element

a, b, c - OeometricaA dimensions of radiator surfaces

!

[

i

"

h m

Elemental area of element i

Subscripts refer to element i of radiator surface n

"l_bertian" geometric confi_ratlon factor (Ref. I)

between surface i and J (dimensionless)

Sine as above except replace i by d_ia and J by P

Altitude

- Radiant .interchange factor between radiator surface n

and planet surface P or planet zone Z

m Radiant interchange factor between radiator surface m

and sun

LOCKHEED MISSILES & SPACE COMPANY
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- Unit normal

/

- Absorbed heat flux, includes shadowing and reflection

effects between adjacent radiator surfaces

Heat flux as defined above between radiator surface

m and planet zone Z or entire visible planet surface

P

g

s

Planet radios

Sun radius

- Radius of reference sphere

- Temperature

= Angular dimensions of radiator surfaces

= Infrared emissivity of.radiator surface

_-35
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O_$ . Solar absorptivity of radiator surface

- Reflectivity of radiator or planet surface

Angle between pipet-sun line and normal to planet

surface

- Angle as defined in Fig. F-7

- 3.1_ for hand calculations

Stafan-Boltna_ Constant - 0.1713 x 10 -8

SUBS_s

- Elemental area of element i of radiator surface

m; m- 1 or 2-

t, J

m

Denotes surface or element index ntmber

Radiator surface; R = 1 (prtaazT), a - 2

(second-r)

F-36
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1

1

1
T

T
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P

S

N-16-6h-1

- Entire visible portion of planet surface as seen

from radiator surface m

- Sun

= Spherical zone of surface area 2 _Rp 2 (l - cos _Z )

as seen fr_a radiator surface

Y-37
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TABLE F-2

GEOMETRIC 00}_FIC_ATION FACTORS FROM RADIATOR SURFACE TO

PHASE I HAND CALC_LATIOH RESULTS

_b1, r(S), i.,.,
lus than O.0001

t_o, f_d_or fr= Z
to "mm-12t" porl_m

planet ea17 __'0

i

1
2

)
E
5
6
7
8
9

lo
11
1J
17
18
19
2o
21
22

FlIP

0..388
0._2
0.322
0,212S
0,0773
0.077O
0.0669
0,001115
0,00111.;
0.00111_;
0.31_9
0.298

*0
'0
"0

0..388
o.;me

F2p

0.790
0.601
0.322
0.
0._
0.281
0.0669
0.0286
0.0207
o.oozz 
0,787
0.298
0.
0.01
0,00707
mO
0.790
0,7.')0

l
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TABLE F-3

CONFIGURATION FACTORS FROM PLANET TO bUN,

PHASE I HAND CALCULATION RESJLTS

n

1

2

3

5
6
7
8
9

10
11
13
17
18
19
2o
2!
22

FcP cs)
j,s u

0.0000_10
0.0000290
0.000000901_
O,
o.oooo_)
O.0000262
0.0(XXOT0
0.00002h3
0.000012k
0.0000O971
0.00000925
0.00000166

0.00_25
O.00O00655

_mmm,

0.00001_10
0.0O00290

O

n | n , m

CASE 12
zt

J

5
6
7
8
9

11

Y(z)(s)

0.0O000761
0.00000681
0.00000613
0.00000S25

0,00000925
0.00000081
0.00000805
0,00000701

o.ooooo_66
Immmm

elmmB

Immlm

jl

C_S'E15

r(z)(s)

o.o00o0925
O.OO(XX)8_
o.o00oo7_;6
o.o0ooo6_
o.ooo00530
o.0ooo03¢2
0.00o0o21_9
O.OO(X)OOS_
Oe

ccsz 16

r(z)(s)
Jp

0.00oo07_
0°00000602
0.0o0001d_9
0,0000027?
0.0o00009Jl8

m

mmlmm

J_

zr-_o
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PLANETARY DATA

Rp • Planet radius, Im

TD.$. • Planet dark side sur-
face temperature, el

TS.S. • Planet sub-solar sur-
face temperature, el

i |ll i i

Planet albedo • _

, i+ i i

RpS .-Planet'sun distance, Ma
,n , |

TS _- Solar temperature, oK
i

RS .- Sun radiusp ka

62OO

2_

2_

0.73
i

o._

I
_.o0x 106 22S x lo6

6ooo (or _6oooa)
i i

6.9_ x 105 (or l,.3xlOSe._

LOCKHEED MISSILES & SPACE COMPANY



i

! •

N

LOCKHEED MISSILES & SPACE COMPANY



RE-ORDER NO._

M-16-r_-1 (A)

Appendix G

PARAMETRIC S_UDY RESULTS FOR V_US

G.l PLANET VENUS, CONFIGURATION IA, SUN ORI_TED

•G.l.1 NOON orbit

Position 1

• 8 orbit positions

• 8 altitudes/orbit position

• 3 (a/b) ratios/altitude

• 3 (c/b) ratios/(a/b) ratio

Position 2

Same as Position I; para. G.I.I

G.I.2 45 Degree orbit

Position 1

Same as Position I; para. G.I.I

Position 2

Same as Position I; para. G.I,I

Position 3

Same as Position 1; para. G.I.I

G.le3 T_ILmHT orbit

Position I

Same as Position 1; para. G.I.X

(Figs. G-I and G-2)

(192 pgs)

(192 pgs)

(192 pgs)

(192 pgs)

(192 pgs)

(192 _s)
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1_16--64.-1 (A)

6.1.4 At IO00 kin, sub-solar point (NOON orbit, orbit position 4)

Vary (c_s/E) ratios

• 4 (c_aJC) ratios, surface 1

• 4 (°<jr/_) ratios, surface 2/_sJ_ ) ratio, surface 1

• 3 (a/b) rat_os/(c_$_ ) ratio, surface 2

• 3 (c/b) ratios/(a/b) ratio

W£th o< = 120O(Surface 2 a trapezoid)

• 3 Ca/b) ratios

• 3 (c/b) ratios/(a/b) ratio

G.2

G.2.1 NOON orbit

Position l

Same as Position I; para. G.I.X

Position 2

S_e as Posit&on I; par_ 6.1.1

G.2.2 45 Degree orbit

Position 1

Same as Position I; para. G.lol

Position 2
%.

Sa_.e as Position I; para. G.XoX

Position

Same as Position !; para. 6.1.1

/
(b8 pgs)

(3 pgs)

(1203 pg's)

PLANET VENUS, CONFIGURATION IB, SUN ORIENTED (Figs. G-3 and G-4)

(192 pgs)

(192 _s)

(192 pgs)

(192 pgs)

(192 pgs)

G_2 _- -
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G.2.3 TWILIGHT orbit

Position l

Same as Position I; para. G.I.I

G.2.4 At IOOO kin, sub-solar point (NOON orbit, orbit position 4)

Vary c/b ratios separatel_

• 3 (a/b) ratios

• 3 (c/b) ratios, surface 2/(a/b) ratio

• 3 (c/b) ratios, surface 3/(c/b) ratio, surface 2

Var_ (O_r/E) ratios

• 4 (_/_) ratios, surface I

• 4 (_) ratios, surfaces 2&3/(_'_ ) ratio, surface I

• 3 (a/b) ratios/(_x/_) ratio, surfaces 2&3

• 3 (c/b) ratios/(a/b) ratio

With o( - 120° (Surfaces 2and 3 trapezoids)

• 3 (a/b) ratios

• 3 (o/b) ratios/(a/b) ratio

(192 pgs)

(9 pgs)

C48_s)

G.3

G.3.I NOON orbit

Position 3_

S_e as Position l; para. G.I.1

Position 2

Sane as Position l; para. G.l.l

(3pgs)

(1212 pzs)

PLANET V_TUS, CONFIGURATION IB, PLANET ORIENTED (Figs. G-5 amdC--6)

(_2 pgs)

(z92 _,)

@-3

LOCKHEED MISSILES & SPACE COMPANY
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G.3.2 45 Degree orbit

Position_

Same as Position i; para. G.I.I

Position 2

Same as Position I; para. G.I.I

Position I

G.3.3 TWILIGHT orbit, orbit position h

PoSition l

• 8 altitudes

• 3 (a/b) ratios/altitude

• 3 (o/b) ratios/(a/b) ratio

Position 3

• 8 altitudes

• 3 (a_) ratios/altitude

• 3 (c/b) ratios/(a/b) ratio

(192 pgs)

(192 pgs)

(192pgs)

(24pgs)

(2_ pgs)

(1oos_gs)

G.-4

LOCKHEED MISSILES & SPACE COMPANY
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Fig. G-2 Venus Albedo Flux Configuration IA
Sun Oriented
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Appendix H

PARA_TRIC SIUDY RESULTS FOR MARS

H.I

H.I.I NOON orbit

Position 1
m

• 8 orbit positions

• 8 altitudes/orbit position

• 3 (a/b)ratlos/altitude

• 3 (c/b)r tios/(a/b)

Position 2

Same as Posi_on Ij para. H.I.I

H.1.2 45 Degree orbit

Position 1

Same as Position l; para. H.I.1

Position 2

Same as Position I; para. H.I.I

Position 3

Same as Position I; para. H.I.Y

H.I.3 TWILIGHT orbit

Position 1

Same as Position I; part H.I.I

PLANET MARS, CONFIGURATION IA, SUN ORIENTED (Figs. H-I and H-2)

(192 _s)

(192 pgs)

(192 pgs)

(192 pgs)

(I_ pgs)

(lP2 pgs)

LOCKHEED MISSILES & SPACE COMPANY
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/ H.I.4 At 1OOO kin, sub-solar point (NOON orbit, orbit position 4)

Var_ _/E ) ratios

* 4 (_x/_E:) ratios, surface 1

• 4 (_t/E) ratios, surface 2/(c_x//E ) ratio, surface 1

• 3 (a_) ratios/(_s/&" ) ratio, surface 2

• 3 Co/b)ratios/Ca/b)_tiO

C_8pgs)

With _ = 120 ° (surface 2 a trapezoid)

• 3 (a/b) ratios.

(3 _s)

• 3 (c/b) ratios/(a_) ratio

(i203 pgs)

H.2 PLANET MARS, CONFIGURATION IB, S_ ORIENTED (Figs. H-3 and H-h)

H.2.1 NOON orbit

Position 1 (192 pgs)

Same as Position I; para. H.I.I

Position 2 (192 pgs)

Same as Position I; para. H.I.I

H.2.2 45 Degree orbit

Position I

Same as Position I; paza. H.I.X

Position 2 (192 pgs)

Same as Position I; para. H.I.I

Position (.,_ pgs)

Ssme as Position I; para. H.i.I

--h.c_m

LOCKHEED MISSILES & SPACE COMPANY
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H.2.3 T_ILIGHT orbit

Position I

Same as Position I; para. H.I.X

H.2.4 At I000 kin# sub-solar point (NOON orbit, orbit position 4)

Var_ c_ ratios separately

• 3 (a_) ratios

• 3 (c/b) ratios, surface 2/Ca/b) ratio

• 3 (c/b) ratios, surface 3/(c/b) ratio# surface 2

Vat 7 (,O_s/E ratios)

• 4 (c_s/E) ratlos_ surface l

• 4 (_s/E) ratios, surfaces 2&3/Ce_,/E ) ratio# surface

• 3 Ca/b) ratios/(_ ) ratio, surfaces 2&3

• 3 (c/b) ratios/(a/b) ratio

With _ = 120° (Surfaces 2 and 3 trapezoids)

• 3 (a/b) ratios

• 3 Cc_) ratios/(_/b) ratio

(192 pgs)

(gpgs)

(48, pgs)

(3 pgs)

(1212 pgs)

(192 p_)

CX92 pgs)

H.3 PLANET MARS, CONFIGURATION IB, PLANET ORIq_TED (Figs. H-5 and H-6)

H.3ol NOON orbit

Position 3

Sme as Position I; para. H.I.X

Position 2
_s

Same as Position l; para. H.I.X

H-3

LOCKHEED MISSILES & SPACE COMPANY
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H.3,2 45 Degree orbit

Position

Same as Position 1; para. H.I.1

Position 2

Same as Position I; para. H.I.I -

Position 1

Same as Position 1; para. H.I.1

H.3°3 TWILIGHT orbitj orbit position h

Position 1

• 8 altitudes

• 3 (a/b) ratios/altitude

• 3 C¢/Ao) ratios/Ca_ _0) ratio

Position 3

• 8 altitudes

• 3 Ca/b) ratios/altitude

• 3 (c/b) ratios/(a./b) ratio

(192 pgs)

(192 pgs)

(192 pgs)

(24 pgs)

pgs)

(lOO8 pg=)

H--4

LOCKHEED MISSILES 8= SPACE COMPANY
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Appendixes 0 and H

PRESENTATION OF RESULTS

The parametric study results are listed three points per page. The data for

each point are grouped in five blocks: HEAT FLUX block, VIE_ FACTORS block,

RAD. CONSTS.-SOLAR + REFLECTED block, RAD. CONSTS.-PLANETARY block, and

POINT ID_-NTIFICATION block-

HEAT FLUX block. The heat fluxes to each surface are listed across the top

j

of each point. The left-hand column is the surface identlfication number.

The fluxes to each surface are listed from left to right in the following

order:

I. QS(I) = direct incident solar flux

2. QS(A) = total absorbed solar flux

3. QR(I) = direct incident albedo flux

_. QR(A) = total absorbed albedo flux

5. QP(I) = direct incident planetary flux

6. QP(A) = total absorbedplanetary flux

NOTE: The values of the fluxes, view factors, and

radiation constants are listed in "floating point"

form. Each number consists of a fraction and an .
exponent with a power of ten by which the fraction

is multiplied. For example, the number 0.13918E02
•represents 0.13918xi0 +O2 or 13.918. Similar_gthe

number O.7865OE-O1 is O.7865OxlO -01 or 0.078650.

G/H-1 "

LOCKHEED MISSILES & SPACE COMPANY
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VIEW FACTORS block: The view factors between sun_ planet, and two (or three)

surfaces are listed in an array Just below the heat fluxes. The symbols at

the top of each columnj and the left of each row identify the surface: S -

sun_ P = planetj I - surface Ij 2 - surface 2p 3 = surface 3. The number at

the intersection of a row and column is the view factor from the surface at

the left of the row to the surface at the top of the column.

RAD. CONSTS. - SOLAR + REFLECTED block: The radiation constants (5_A) for

solar and albedo radiation are listed at the bottom left of each point. The

arrangement in columns and rows is the same as the view factor arrangement

(the column identification symbols have bean omitted %o conserve space). The

S row (or column) contains the radiation constants for solar radiationj and

is used in computing the net direct radiant interch_ge between the sun and

the surfaces assuming no reflection from the planet. The P row (or column)

contains the radiation constants for albedo radiation_ and is used in com-

puting the net radiant interchar_e between the sun and the surfaces through

reflection from the planet. The S-S_ S-P_ and P-P quantities represent the

flux reflected by the surfaces back onto the sun or planet. They may gener-

ally be ignored. The area in the 5_A expressions is based on a "b" dimen-

sion on surface 1 of 4 ft.

°" -2

R_D. CONSTS. - PLANETARY block: The radiation constants ( 5_ A) for planetary

radiation are listed at the bottom right of each point. The arrangement in

columns and rows is the same as the view factor arrangement (the column iden-

tification symbols have been omitted to conserve space). be S row and

•

LOCKHEED MISSILES & SPACE COMPANY
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column are blank-because there is no planetary radiation from the sun. be

P row (or column) contains the radiation constants for planetary radiation_

and is used in computing the net radiant interchange between the planet and

the surfaces. The P-P quantity represents the planetary flux reflected by

the surfaces back onto the planet. The area in the _A expressions is based

on a "b" dimension on surface I of 4 ft.

POINT IDINTIFICATION block: _le upper right-hand corner of each point con-

tains the identification of the point. Each point is identified as • follows:

PLANET - VENUS or EARS. Identifies the planet for which the data

are .computed.

ALTITUDE - IOO kin, 300 kin,500 kin, IOOO kin,3000 kin,5000 _,

IO, OOO km or 30,000 kin. Indicates the altitude of the

satellite above the mean planet surface.

ORBIT - NOON POLAR, 45 D POLAR, or TWI. POLAR. Indicates the satel-

lite orbit. The NOON POLAR orbit crosses directly over the

planet subsolar point. The 45 D POLAR orbit crosses the

illuminated side of the planet midw_ between the subsolar

point and the terminator. The TWI. POLAR orbit is directS7

over the terminator.

O/H-3

LOCKHEED MISSILES & SPACE COMPANY
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@

@

@

@

ORIENTATION - SUN or PLANET. SUN indicates that surface 1 is or-

iented parallel to the rays of the sun, with surface 2

normal to the rays on the side toward the sun. PLANET

indicates that surface 1 is perpendicular to the planet's

surface, with surface 2 parallel to the planet's surface

on the side aws_ from the planet.

CONFIGURATION - IA or lB. Configuration IA consists of two surfaces

with surface 2 extending at a right angle from one edge of

surface I. Configuration IB consists of three surfaces

with surface 2 extending at a rightangle from one edge of

surface I, and surface 3 extending at a right angle from

the opposite edge.

POSITION - I, 2, or 3. Indicates the direction surface 1 faces.

With the satellite traveling north-to-south over the il-

!_uinated side of the planet, POSITION 1 indicates that

surface I is facing west, POSITION 2 indicates that sur-

face I is facing south in the SUN orientation or north in

the PLANET orientation, And POSITION 3 indicates that sur-

face 1 is facing east, (See Fig. G/H-l)

ORBIT POSITION - Positions 1 through 8. Indicates the orbital lo-

cation of the satellite. Position 1 is directl_ over the

north pole of the planet; Position 2 is 60° north of the

LOCKHEED MISSILES & SPACE COMPANY
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2

2

Position 1

_ SUll /_

2

" - Position2

(a) Confi_-aration la, sun-oriented

2

' _Z_osition3

2'

I_ 2
.

3:2
" I _-____

3

Position I

: 2

......-Pos t!o,L -

(b) Configuration lb, sun-oriented

2

--Po-sition3-

• _ • •.................. -..........

• Position 1

i

(c)

Position 2

-1 .

Position 3

Confio_ration Ib, planet-oriented i

NOTE:

LEGEND: -_ Unit normal to surface 1 in plane of paper i
x. Unit normal to surface 1 into paper

0 Unit normal to surface 1 Out of paper

View is looking down on north pole at planet. Surfaces are shown at orbit
i Position 4

Fig. G/H-1 Position and Orientation

LOCKHEED MISSILES & SPACE. COMPANY
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equator on the lllumlua_d side of the planet,; Position 3

is 30° north; Position 4 is over the equator; Position 5 is

30° south; Position 6 is 60° south; Position 7 is over the

South Pole; and Position 8 is over the equator on the dark

side of the planet. Note t}mt the sun is assumed to be lo-

cated over the equator so that the planet's north _d south

poles are located on the terminator.

SURFACE I 2 3- The remainder of the identification block identi-

fies the dimensions and radiation properties of the sur-

faces. The data is displayed in three columns: column 1

referring to surface Ip column 2 to surface 2, and column

3 to surface 3. (Configuration IA consists of only two

surfaces, so column 3 is filled with zeros.)

• C/B - Specifies the dimension ratios of the three surfaces:

a/b for surface I in column I, c/b for surface 2 in column

2j and c/b for surface 3 in column 3. (See Fig. G/H-2)

ABSORF. - The solar absorptivity of the three surfaces.

_ISS. - The infrared emissivity of the three surfaces.

4/-- ' "

ALPHA - _e tr_ezoid angle (see Fig. G/H-2) of surfaces 2 and 3_

G/B-6

LOCKHEED MISSILES & SPACE COMPANY
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b

\

Fig. G/H-2 Surface Dimensions
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Appendix O

PARAKETRIC S'/UDY RESULTS FOR V_'IUS

G°I PLANET VENUS, CONFIGURATION IA, SUN ORI_T_ (Figs. G-I and 0-2)

O.l.l NOON orbit

Position 1

• 8 orbit positions

• 8 altitudes/orbltposltion

• 3 ratios/ titudo

• 3 (c/b) ratios/C_/b) ratio

Position 2

Same as Position 1; par&. G.I.I

Position 1

Same as Position I; para. G.l.l

Position 2
i

S_e as Position I; parao O.l.l

Position 3

Same as Position 1; para, G,l,l

G.l.3 TWILD_HTorblt

Position

Same as Position I; pars. G,l,l

(192 pgs)

(192 pgs)

(192 pgs)

(1_ pgs)

(192 pgs )

(192 pgs)

G-1
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0.1._ At 1000 km, sub-solar point (NOON orbit, orbit position 2)

va_ (_/_) ratios

• _ (ocslY" ) ratios, surface 1

• _ (_s/e) ratios, sumacs 2/_./_ ) ratXo, _a%e 1

• 3 (a/b) ratios/(C_s/_ ) ratio, 8urCace2

• 3 (c/b) ratios/(_) ra_o

With o< - 120O(Surface 2 a trapezoid )

• 3 (_0) ratios

• 3 (c/b) ratios/(a/b) ratio

G.2

0.2.1 NOON orbit

Position 1
, ,,, ,

Same as Position I; para. O.l.l

Position 2

Same as Position I; para. G.I.I

G.2.2 _5 Degree orbit

Position 1

Same as Position I; para. G.I.I

Position 2
i

Same as Position 1; para. G.I,I

Position

Same as Position i; para. G.I.I

(_8 pgs)

(3 pgs)

(i203 pgs)

PLANET V_NUS, CONFIOURATIONIB, SUN ORIgNTED (Figs. G-3 and 0-_4)

(192 pgs)

(192 pgs)

(192 pgs)

(192 pgs )

(192 pgs)

G-2
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G.2.3 TWILIGHT orbit

Position I
,, ,, ,

Same as Position I; para. G.I.I

G.2.4 At i000 kin, sub-solar point (NOON orbit, orbit position 4)

Vary c_ ratios separate _

• 3 (_b) ratios

G.3

G.3.1 NOON orbit

Position 3

Sm_e as Position I; para. G.I.I

Position 2

Sane as Position i; para. G.l.l

(192 pgs)

(9 p@s)

• 3 (c/b) ratios, surface 2/(a/b) ratio

• 3 (c/b) ratios, surface 3/(c/b) ratio, surface 2

Vary (o4_/E) ratios (48 pgs)

• 4 (o##/_) ratios, surface i

• 4 (_s/#) ratios,_rfaces2_3/(_ ) ratio,surface1

• 3 (a/b) ratios/(c_s/_) ratio_ surfaces 2&3

• 3 (c/b) ratios/(a/b) ratio

With o< - 120 ° (Surfaces 2and 3 trapezoids) (3 pgs)

• 3 Ca/b) ratios

• 3 (c/b) ratios/Ca/b) ratio

(1212 pgs)'

PLANET V_NUS, CONFIGURATION IB, PLANET ORIENTED (Figs. G-5 and G-6)

(192 pgs)

(192 pgs)

G-3
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0.3,2 45 Degree orbit

Position 3

Same as Position lj para. O.I.l

Position 2

Same as Position l; para. G.I.I

Position I

Go3.3 TWILIGHT orbltp orbit position 4

Position I

• 8 altitudes

• 3 (a/b) ratios/altitude

• 3 (c/b) ratios/(_b) ratio

Position 3

• 8 altitudes

• 3 (_/b) ratios/altltude

• 3 (c/b) ratios/(a/b) ratio

(192 Ms)

(192 pgs)

(192 pgs)

(24 pgs)

(24 pgs)

(1ooB pgs)

LOCKHEED MISSILES & SPACE COMPANY
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VEh'U5 ALSEDO fLUX

COWFIGURATION' 1,4_ 5U,_I.O,2'IEHT"EO

PIe/MA_y. _.5M,eFA_ E-_f SU_FA £ _ Ij

- -. /00 K,PZ,

--.--.---I000K,_.

--------I0_00 K,4,X.

\
\

\

\ \

Fig. G-2 Venus Albedo Flux Configuration IA
Sun Oriented
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I

Fig. G-6 Venus Albedo Flux Conflgu_a%lon 113
Plane% O_ien%ed
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Appendixes G and H

PRESENTATION OF RESULTS

The parametric study results are listed three points per page. The data for

each point are grouped in five blocks." HEAT FLUX block, VI_g FACTORS block,

RAD. CONSTS.-SOLAR + REFLEC_F_D block, RAD. CONSTS.-PLANETARY block, and

POINT ID_TIFICATION block:

HEAT FLUX block: The heat fluxes to each surface are listed across the top

of each point. The left-hand column is the surface identification number.

The fluxes to each surface are listed from left to right in the following

order:

I@

2.

3.

4.

5.

6.

QS(I) - direct incident solar flux

QS(A) = total absorbed solar flux

QR(I) - direct incident albedo flux

QR(A) = total absorbed albedo flux

QP(I) = direct incident planetary flux

QP(A) = total absorbed planetary flux

NOTE: The values of the fluxes, view factors, and

radiation constants are listed in "floating point"
form. Each number consists of a fraction and an

exponent with a power of ten by which the fraction
is multiplied. For example, the number O.13918E 02

represents 0.13918xi0 +02 or 13.918. Similarly, the

number 0.78650E-01 is 0.78650xI0 "O1 or 0,078650.

LOCKHEED MISSILES & SPACE COMPANY
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FACTORS block" The view factors between sun, pl_et, and two (or three)

surfaces are listed in an arr_7 _ust below the heat fluxes. The symbols at

the top of each oolmnn, and _he left of each row iden_i_y the surfaces 8 -

sun_ P - planet, 1 - surface i, 2 - surface 2, 3 " surface 3. The number at

the intersection of a row and column is the view factor frau the surface at

the left of the row to the surface at the top of the column.

RAD. CONSTS. - SOLAR + REFLECTED block: The radiation constants (_A) for
, J , •

solar and albedo radiation are listed at the bottom left of each point. The

arrangement in columns and rows is the same as the view factor arrangement

(the column identification symbols have been omitted to conserve space). The

S row (or column) contains the radiation constants for solar radiation, and

is used in computing the net direct radiant interchange between the sun and

the surfaces asstmtng no re_lection from the planet. The P row (or column)

contains the radiation constants for albedo radtation_ and is used in com-

puting the net radiant interchange between the sun and the surfaces through

reflection from the planet. The S-S_ S-P, and P-P quantities represent the

flux reflected by the surfaces back onto the sun or planet. They may gener-

ally be ignored. The area in the 5_ A expressions is based on a "b" dimen-

sion on surface 1 of h ft.

R_D. CONSTS. - PLANETARY block: The radiation constants ( 5_ A) for planetary

radiation are listed at the bottom _ght of each point. The arrangement in

columns and rows is the same as the view factor arrangement (the column iden-

tification syabols have been omitted to conserve space). The S row and

G/H-2
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column are blank because there is no planetary radiation from the sun. The

P row (or column) contains the radiation constants for planetary radiation,

and is used in computing the net radiant interchange between the planet and

the surfaces. The P-P quantity represents the planetary flux reflected by

the surfaces back onto the pl_et. The area in the _A expressions is based

on a "b" dimension on surface 1 of 4 ft.

POINT IDENTIFICATION block: The upper right-hand corner of each point con-

rains the identification of the point. Each point is identified as follows:

@

e

PLANET - VENUS or EARS. Identifies the planet for _hich the data

are computed.

ALTITUDE - iOO kin, 300 kin, 500 kin, IOOO kin, 3000 kin, 5000 kin,

IO,O00 km or 30,000 kin. Indicates the altitude of the

satellite above the mean planet surface.

ORBIT - NOON POLAR, 45 D POLAR, or TWI. POLAR. Indicates the satel-

lite orbit. The NOON POLAR orbit crosses directly over the

planet subsolar point. The 45 D POLAR orbit crosses the

illuminated side of the planet mldwa_ between the subsolar

point and the terminator. The TWI. POLAR orbit is directly

over the terminator.

G/ -3
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@ ORIENTATION - SUN or PLANET. SUN indicates that surface 1 is or-

iented parallel to the rays of the sun_ with surface 2

normal to the rays on the side toward the sun. PLANET

indicates that s_rface 1 is perpendicular to the planet's

surface, with surface 2 parallel to the planet's surface

on the side aw_ from the planet.

@

@

CONFIGURATION - IA or lB. Configuration IA consists of two surfaces

with surface 2 extending at a right angle fr_, one edge of

surface I. Configuration IB consists of three surfaces

with surface 2 extending at a right angle from one edge of

surface I, and surface 3 extending at a right angle from

the opposite edge.

POSITION - i, 2, or 3. Indicates the direction surface 1 faces.

With the satellite traveling north-to-south over the il-

luminated side of the planet, POSITION I indicates that

surface I is facing west, POSITION 2 indicates that sur-

face 1 is facing south in the SUN orientation or north in

the PLANET orientation, and POSITION 3 indicates that sur-

face i is facing east. (See Fig. G/H-I )

ORBIT POSITION - Positions I through 8. Indicates the orbital lo-

cation of the satellite. Position I is directly over the

north pole of the planet; Position 2 is 60° north of the

G/H- 
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Position 1
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t;............. I
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Position 2

(a) Config-_ration la, sun-oriented

_\ sun 1_

2

Position 3

2
Cq-.

lC_:- 2

&....

3. 2

k_/ 3
Position I

_I 2

Position 2

2

Position 3

(b) Configuration lb, sun-oriented

2

Position 1

2

zlf3

Position 2.....

2

.... Position 3

Configuration lb, planet-oriented

LEGEND: -_ Unit normal to surface 1 in plane of paper
× Unit normal to surface 1 into paper

(9 Unit normal to surface 1 out of paper

NoTEi- -View is iook-ingd0wn-0n-north-pole-a{planet.--Surfacesare-shown- at Orbit

Position 4

Fig. G/H-1 Position and Orientation,

G/.-5
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equator on the illuminated side of the planet; Position 3

is 30 ° north; Position 4 is over the equator; Position 5 is

30 ° south; Position 6 is 60 ° south; Position 7 is over the

South Pole; and Position 8 is over the equator on the dark

side of the plsnet, Note that the sun is assumed to be lo-

cated over the equator so that the planet's north and south

poles are located on the terminator.

@ SURFACE 1 2 3 - The remainder of the identification block identi-

fies the dimensions and radiation properties of the sur-

faces. _he data is displayed in three columns: column 1

referring to surface I, column 2 to surface 2, and column

3 to surface 3. (Configuration IA consists of only two

surfaces, so column 3 is filled with zeros. )

A/B, C/B - Specifies the dimension ratios of the three surfaces:

a/b for surface 1 in column I, c/b for surface 2 in column

2, and c/b for surface 3 in column 3. (See Fig. G/H-2)

ABSORP. - The solar absorptivity of the three surfaces.

]_4ISS. - The infrared emissivity of the three surfaces.

ALPHA - The trapezoid angle (see Fig. G/H-2) of surfaces 2 and 3.

alH-6
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b

Fig. G/H-2 Surface Dimensions

a/_-7

LOCKHEED MISSILES & SPACE COMPANY



_-i6-64-i (A)

_end_x H

PARAMETRIC STUDY Pd_LTS FOR MARS

H.1

H.I.I NOON orbit

Position 1
i i IDa

• 8 orbit positions

• 8 altltudes/orbit position

• 3 (a/b) ratios/altitude

• 3 Cc/b) taCos/Ca/b) ratio

Position 2

Same as Poslt_on I; p_a. H.I.I

H.1.2 _ Degree orbit

Position 1
|

Same as Position I; para. H.I.I

Position 2

S_e as Position Ij pars. H.I.I

Position

Same as Position 1; para. H.I.I

H.I.3 TWILIGHT orbit

Position 1

Same as Position I F para. H.I,1

PLANET MARS, CONFIGURATION I_, $_ OP/ENT_ (F_gse 1 H_I And H-2)

(192 Ms)

(192 pgs)

(192 pgs )

(192 pgs)

(192 pgs)

(192 pgs)

H-1
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H.I,4 At I000 kin, sub-solar point (NOON orbitj orbit position 4)

Vary _,/6 )ratios

• 4 (_/_) ratios; surface 1

• 4 (_r/6) ratios, surface 2/(c_s//6 ) ratio, surface 1

• 3 (a_) ratios/(_,/6 ) ratio,surface2

• 3 (C_)ratios/(a/b) ]_|.tiO

With _ - 120 ° (surface 2a trapezoid)

• 3 (a/b) ratios

• 3 (c/b) _tios/(a/b) ratio

H.2

(4e pgs)

(3 _s)

(i2o3_s)

PLANET MARS, CONFIGURATION IB, SUN ORIENTED (Figs. H.-3 and H-4)

H.2.1 NOON orbit

Position 1 (192 pgs)

Same as Position I; para. H.I.I

Position 2 (192 pgs)

Same as Position I; para. H.I.I

H.2.2 25 Degree orbit

Position I (192 pgs)

Same as Position i; para. H.I.I

Position 2 (192 pgs)

Same as Position I; para. H.I.I

Posit_on 3 (i_ pgs)

Same as Position i; para. H.I.I

H-2
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H.2e3 TWILIGHT orbit

Position 1

Same as Position I; pars. Holol

H.2._ At i000 kin, sub-solar point (NOON orbit, orbit position 4)

Vary c_ ratios separately

• 3 (a/b) ratios

• 3 (C/b) ratios, surface 2/(_/b) ratio

• 3 (c/b) ratios, surface 3/(0_) ratio, surface 2

Vat 7 (o_s/E ratios)

H,3

H.3.1 NOON orbit

_sition 3

Same as Position 1; para. H.I°I

Position 2
u , , l|

Same as Position lj pars. H.1ol

(192 pgs)

(9 pgs)

(48 pgs)

• 4 (o_s/6) ratios,su_e 1

• 4 (_,/_) ratios, surrac.s e_/C_,/E ) ,siLo, s.rf,o, 1

• 3 (_/b) ratios/(_ ) ra'_l.o, surfaces 2&J

• 3 (c/b) ratios/(a/b) ratio

With c4 - !200 l_r_aoes 2 and 3 trapezoids) (3 pgs)

• 3 (_b) ratios

• 3 (c/b) ratios/(a/b) ratio
(1212 pgs)

PLANET MARS, CONFIGORATION IB, PLANET ORATED (Figs. H-5 and H-6)

(192 pgs)

(192 pgs)

H-3
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H.3,2 45; Degree orbit

Position 3

Same as Posi_on X; para. H.I.I

Position 2

Same as Position I; para. H.I.1

Position I

Same as Position I; para. H.I.I

H.3.3 TWILIGHT orbit, orbit position 4

Position 1

e8 altitudes

• 3 (_/b) ratios/altitude

• 3 (c/b) ratlos/(a/b) ratio

Position

• 8 altitudes

• 3 (a/b) ratios/altitude

• 3 (c/b) ratios/(a/b) ratio

(192 pgs)

(192 pgs)

(192 pgs)

(2_ pgs)

(24 pgs)

(lode pgS)

H-._
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Fig. H-_ Mars Albedo Flux Configuration 113

Sun Oriented
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,M,,q,_ PZ,,e-_EZ'AK.Z" PZ.U X

CO,4/A"/Gc/,e,aT/o,,v' _/_ . pL.,d,,VET'. O,e/_,4vT"EO

I

Fig. H-5 Mars Planetary Flux Configuration IB
Planet Oriented
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Fig. H-6 Mars Albedo Flux Configuration ]3
Planet Oriented
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X. Page 3-3, paragaph 2_ line _t Chmge "absorbed by each satellite surface f_n.., m
to "absorbed by each satellite surface including...".

20 Page 3_A, line Xt Chmge "...360 geocentric degrees. The w to "...360 geocen-
tric degrees be:rend the starting point. The e,

3. Pa_e 4-l_ last paragraphp lino It Chmge *Albedo Flux. The albedo flux aceoun.

ted.., w to "Al,bedo ,Flux. The albedo flux accounts...".

4. Page _-lp last paragraph, line 3: Chan_ "flux 18 accounted for..." to "flux
account8 for., u •

50 Page _-5, Figure _-lx The angle between surface I and surface 2 labeled "q"
should be _abeled "_ t •

6. Page 4-_, legends Delete "(m_rface) t.

7. Paqe _-7_ine 7! Change "the FA matrix and the R_ factor_ which in _FA..."

to "the -_A matrix and the RADK factor, which is _'A...'. (ScrApt F's Iz_i _ii_
of bXock F ' s. )

8. Page A-2s Roplaoe page A-2 with the attached page A-2. _

9. Page A-4s Replace page A-4 with the attached page A-_.

lO. Page A-St Replace page A-5 with the attached page A-5.

Pages A-7 and A-8, paragraph A.I.4, The True Elliptical Orbit Equationss Change

the equations for semimaJor axisp eccentricity, orbit period, eccentric anama_,

and time from periapsis to read as follows s

Se_or axle, radiu, A = (Ra + aP ÷2Ro)/2

F,ooen't_o.t'l_', E = (PJ,- RP)/2A

Orbit Period, P - 2 T

J_R
Eccentric Auomal_, _ = eoe"I _-

Page A-12, Figure A-10t Change =XL_ - +_ DISK = to "ZLK = +21 DIS_ =.

Page JL-17, the P(l,J) equations, Chqe the eluttiou for P(2_2) and P(2,3)
to reads



-2-

16.

17.

18.

19.

20.

21.

22.

23.

Page X-Xe, line X| Chmge WlTX - +..1 (Diak)" to ,TIX . +2 (Disk)%

Page A-31p _ 1 of N0_t Cbange mNO_. The above SbGoz4_d L_ms are o_ •
per unit banes.., w to WNO_. The above absorbed L_e are on a per unit
basis, ,,We

Page k-32z In coX_mm headed "O_e% add "J" to lJ_e reading "DATA(J).,.
_r_ace _8nt£f_oaticn.. oN.

Page A-32, In col_m headed "Code", add "[" to Line reading "D_k([)...
I_cation of paz;meten...".

Page _-32s In oolt_mn headed "S:mbol% change mDATA(J)" to mD£TA(J,K)".

Page _-32s Tn eoZmm headed "S_b_ ol"p deZet_ "DATA(K)".

Page _-_ last lines Change "J and K A 3 x) matz_xj Z- 22 n to nj and K
A3x3_at_x_ I - 1 to 22".

Page k-)6, next-to-last entry An "__._" ¢ol,u_n: Change "[LUIS(J,[)" to
r_IS(J, [)".

Page B-X3_ paragraph 2_ l_ne ls Change "_a_ I_RC_NT ERROR _cate8 the finite
dlfferenceooo" to u_e P_T ERROR indicates the aax_ error in the /_nlte

• L_fez_moee. • n.

Page _-l_, last l£UOt Chanse " _mtn " "'" the _ direction" to " _ ed_ " "'"
the "__1_ec_on u.

2_ Page _-I_ Card 2S

2_. Page _-_, Card 7,
"N _"o

Add"*" in col_ 52. (_L_ W be + or -.)

Change Label of third field (Qolu_s 13-]5) froa "HOe to

26, Page B-_e _t eardl Change description of "YJ_AB_ A_eld froal

VA_ZABX_S

o (.oraz_)

ORBIT ZCCENT_ CI'TX'

to!

VJ_IJN_

o . (._) . .
[_ SOLAe_oX (_ coes_,urr)

11...



27. P._ .-tT, Pig_-..-8, ch,.g.. T _" to_ P ..x" ,o th,t _,_ ,_d f_
Indlcate the radAus v_tors and Tmi n and max indicate the a_gles, aax

28. Pa_rl_18 , t_ret IAaes Chan_e " _.ax "---the J, dlreztAon" to " _'.ax "-..
the di_ect.lon = .

2g. Page B-20, flrst paragraph tollo_ng "_-...", lines 2, 3, S, and IOs Cha_e
.hlr_ . to -lff o%

30. Page B-20j ¢Lrst paragraph ,t'ollow:Lng u _ ....% _ 10| Change s...the ot
dCrect_cn m to %.. the T_t_o_..

_I. PagenNY B_20_ second paragraph follo_ing = _-...% llne 2, Change "N _( . to

32. Page B-201 second paragraph tollovin_ "_ ....% llne 5_
dtrect_cn" to "N " =...the -" dlrect_Lcn".

33. Page B-20) next-to-las_ line, Change =... c_tion - (

to -... rdAreotlm - (_.ax" _mAn)/_v r ..

Cbmge "N o_ -...the

. _ _.)/_ .

_. Pa_e B-22_ first ltne: Change "... _ direction - g/N _ _ to =... *r dtrect£on -

3_,. Page ]3.22_I . paragraph 21, line 1_ Chmge "..., NV "t - 3, ..., X _' = 6..." to
"..., Ng'-' = 3j..., N_- 6...'.

3_. Page B-22_ para_-aph 2, Line 2s

37. Page 9-22, paragraph 2_ line 3:

Change "...HV_ - 12 = to %..NV _= 12=.

Change =...N °t = 30" to "...M T - X)".

Page B-22, p_a_"aph 2, line IA, N "_

Page B-2_ Replace page B-2% with the attached page B-2_.

Page C-_ paragraph rid.U8 Insert, paragraph heading we, Delta Angle w between
lines 2 and 3.

Page C-7_ last lane o.-" "B_k _"! Cha_ge "96Y' to "_=.

Page C-8_ paragraph ]A_ line 2s Chmgen...eel.tptie_ the -X" to n...e¢lipt.to_
the .ym.

Pa_e ¢,,,12s Replace page C-12 with the attached page C-12.

Replaee page D-_; vlth the attached page D-%.

Replaoe page D-? _th *.he attached page D-7.

RepZaee page I),.,9 udth tho attaobed page I),-9._6.

Page D-_ Figure D-_,

PaceD-7,Fi_m D-_,

Page D-g, Figure D-_



e

_70

_O

Page ]r,-3t Delete e_'ds 083 _b _;Op and _mz'_ _ 13083 U_ou_z _0
am fol].o,m t

__5"F(_A)
B_S-SI_T(mSL:A)
c._-c;_(c)

_Acj_'(A.O.B_m_,r_B.UX.,C....)
]tETA"00._

i)3 TSE-A_k

_(_)1)6,37,)7

TItE'Tl_36Oo

I_83A
Ro8_
_8_

_8.1z
R08_
R08_
iI_)8311
_8_
R08_
_8_
R084

_85
IIo86
I+.o87
R088
_89

Page g,-9_ _l,rte _ DIMENSI_ and C_l statements,

DIMENSI_ DATA (22,16),LDATA (22,16),IRI (9_09),P(22,3,3),R(3),

_2(_),sO),x'm(_;7) n ])ca _A.
C_l DATA_ _HI, P.R._S,_H2.1Z_IK_A_.NTH_AD. _ .

R

R

R

R

_o9. Page F,-IO_ Delete ea_ 029s

11 LDATA(2,2)-I 029

and insert;ea,xbm]1029i_ R02_

ZF(ZZ)I2,la,19IF (I-LDATA(2,2) )13,20,I_
D h_-_(XomAn(2,2))

_trrN(m)

Ji-J+l_

R029

R029A

l_2_B
RO_G
R029D

Rc_9_
I_291,
]3o29o
R0291_

RO29J
Im_Z



J2_JI+_PN

1"; I_J_-_,w

ROlL
RO29M
Ito29N
R029._
Ro29P
p.o29Q
RO29R
RO29S
RO29T
It029U
_29V



_O.

-6-

Pa_e E-Tz DeletA cards 267 t_rougt, 281, ,.d tnser_ ea.-'_ R267 t_rougb
P-275 as _ollom,,

23O

236

SB..AN_I_'.,_ALPHA
I'F (SB- 36_. ) 238,236j 236
SB*SB-360.

eznn_sz_(se)

DIN O=Gh_F_ HNUME_E)_TMB*C_l_

B_p._ OHI_4B_E_fB=I_'B14BtI_IUMB_h'UMB

R267
R268

e269

R270

R271

R272

e273
e27 

Oeneralized Heat I_ Stud_ Source Program Deckz Remove the MAIN pROGRAM

and SUHROUTI_ Vl_gp and replace with t_e accompanying modified versions

of the MA_ PROGRAM aad S_OUTI_ VIEW. The modified versi_ incorporate

the changes listed above in items 47-50.
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• _. ,'._ i _ ' • "" Then

X(S.S)

S(S,S)

However, it is first necessary to define the +Z axis of the sun and the planet in terms

of the X" , Y" , Z" axis dependi_ on the orientation of the satellite.

.P.I._et-oriented satellite. The + Z axis is defined as follows:

/ ..

Z
S

Zp

= +Z axis of the sun for the Ith satellite position

= +Z axis of the planet for the ith satellite position

eT = as + #i (see Fig. A-Z)

IX' ']

Z s = [-sin 0 T cos #sin# cos e T cos

Zp = Z"

Or, in terms of the X , Y , Z coordinate system,

r
..1_(1,].)RO.,2)x(1,3)

z. - ll- ,_L,_oToos,X:_,,_os _ oos,,lxx(,,_.)_(2,2.)R(,,,)

t.-'. ....

r'_ • - .......

Also,

t
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Space-oriented satellite. The +Z axis is defined as follows.

IX"]

LZ"J

X"]

z, - o
LZ"J

_J

Or, in terms of the X, Y , Z coordinate system,

'. _ i (z,l) R(1,2) R(l,3) i

[b_0q(-slnx_T_oos0"! (_os-_ oo.,_R(2,1> n(2,2) R(2,3_ .
i - _(3,1) R(3,2) r(3,_)
I " " -...-8..----

Zp =i

::, :Zs = [-stn._ o oos_ 3 R(2,1) R(2,2) r(e,3;
R(3,1) R(-3,2) R(3,3)

A. 1.3 Geocentric Angles of Shadow Points

:-_ As shown in Fig. A-6, a shadow point occurs when cos a l+cos Z I = 0 .

unknown angles are found by an iteratlve process In'the SHADOW subroutine.

]ix]

These two

I "..:..',

From spherical trigonometry and identities, the following equation is developed and

solved to determine the shadow points: '

SZ = cos(Z) = cospcose

• 90" < Z 1< 270"
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